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ATOMIC ENERGY MANPOWER 


The first annual report of the United 
Kingdom Atomic Energy Authority, 
covering the period July 19, 1954, to 
March 31, 1955, was published recently, 
and abstracts from it are reproduced else- 
where in this issue. The report states that 
the two most conspicuous events of the 
period under review were, in the civil 
field, the publication of the Government’s 
Nuclear Power Programme and, on the 
defence side, the announcement of the 
Government’s decision to proceed with 
the development and production of 
thermo-nuclear weapons. It also points 
out that the fulfilment of the programmes 
which the Authority has undertaken is 
threatened by an acute shortage of skilled 
manpower ; particularly _ scientists, 
engineers and craftsmen. Anyone reading 
through this report cannot fail to be 
impressed by the enormous field that the 
Authority covers in its work, a field 
which, in fact, it must cover if it is to 
succeed in its allotted task. It is plain 
that a great part of the Authority’s 
activities (apart from those of the 
Weapons Research Group) is of common 
application and does not depend on 
specific end-use. Indeed, research, 
development and production on at least 
the scale reviewed appear to be necessary 
to secure the foundation for any reason- 
able programme for the exploitation of 
nuclear energy. The report indirectly 
underlines the difficulties which are in- 
evitably encountered in reactor design, 
and which, until solved, severely limit the 
freedom of the designer. For example, 





the reactor fuel element iself is susceptible 
to irradiation damage, and much research 
and’ development work has had to be 
directed towards finding means of con- 
trolling this damage. Unfortunately, 
metals which appear to have properties 
that would enable them to be used for fuel 
element sheaths are frequently not com- 
mercially available, and the Authority 
has had to develop methods of extraction 
from’ ore, of working and fabrication, 
coupled with detailed studies of the com- 
patibility of these metals and their alloys 
with uranium and possible reactor cool- 
ants. It is within this sort of framework, 
where so much fundamental information 
has to be sought out at every turn and 
where almost every idea in design demands 
its quota of development work, that the 
effects of the shortage of manpower have 
to be measured. 

Quite possibly many engineers working 
in more orthodox fields cannot help but 
feel that atomic energy has occupied a 
favoured position for quite long enough, 
and that even now its demands for staff 
are already placing too great a burden on 
our available resources. Yet it is well to 
bear in mind that unless atomic energy is 
developed rapidly in this country we are 
undoubtedly going to have a shortage of 
electrical power in the not far distant 
future. In the export market also, unless 
we are ready to meet other countries’ 
requirements, we shall suffer little short 
of a major setback to our position as a 
leading technical power. It may be 
argued that the Authority is endeavouring 





to fulfil programmes that are much too 
tight and that the country’s interests 
could best be served by slowing these 
down. But the overall programme for 
the development of, nuclear power is 
modest enough. It is the breadth of the 
work that the Authority must cover now 
in order to ensure that future develop- 
ments are on sound and economic lines 
which really sets the challenge. As we 
mentioned in these columris a few weeks 
ago, the next few years will be vital in the 
development of nuclear reactors, and with 
the limited resources at our disposal in 
this country much will depend on the 
skill with which these resources are 
directed. Unless the scientists are avail- 
able to provide the basic information, and 
the engineers are there to carry out 
detailed design studies and to supply 
experience obtained from actual con- 
struction and operation, any directing 
authority will be starved of the informa- 
tion it needs for making sound decisions. 

Undoubtedly the raising of the security 
restrictions on the international exchange 
of information relating to the peaceful 
uses of atomic energy will help to prevent 
wasteful duplication of research and 
development work. But it will be regret- 
able if for lack of suitable engineers and 
scientists we find ourselves unable to 
pursue those lines of development that 
we ourselves think will prove most profit- 
able. Given the resources, it is probably 
true to say that it is in these early phases 
of working out the basic designs that 
engineers in this country are likely to 
make some of their most significant con- 
tributions. The ban on the exchange of 
information between Great Britain and 
the United States since the end of the war 
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broughtyone good effect in its train ; it 
led to the building up in this country of 
teams of engineers and scientists with 
faith in their own judgment. The result 
has been that this country is now in a very 
favourable position in the development of 
nuclear power ; and the Calder Hall gas- 
cooled reactor, which will eventually 
supply power to the Central Electricity 
Authority as well as produce plutonium, 
is in an advanced stage of construction. 
It is, however, not difficult to foresee that 
this position could very easily be lost. 
Without sufficient staff there would in- 
evitably, in developing more advanced 
types of reactors, be a tendency to follow 
the experience of others with greater 
resources, and particularly the United 
States. The designer who follows some- 
one else’s practice begins to lose the habit 
of thinking about first principles and 
ceases to make any fundamental contri- 
bution to design ; yet it is in this very 
field that British technical skill ought to 
make itself felt. The nation-wide shortage 
of engineers has been recognised for some 
considerable time and the recent decision 
of several prominent industrial organisa- 
tions to set up the Industrial Fund for the 
Advancement of Scientific Education in 
Schools is very welcome. Unfortunately, 
none of the efforts that have been made 
over the past few years can change the 
picture suddenly. Indeed, unless there is 
a radical change in emphasis in much of 
our school education, we are likely to be 
permanently short of technical manpower. 
Meanwhile the Authority may face an 
increasingly difficult task in recruiting the 
staff it needs to fulfil its programme 
satisfactorily. 


LOCOMOTIVE TESTING POLICY 

The steam locomotive is popularly 
considered to be one of the least under- 
stood of machines. To the onlooker it 
can still apparently spring surprises in 
the way of maximum power output. 
But now that the word has gone forth 
that on British Railways there shall be 
no more new steam designs, and while 
plans for using diesels are gradually 
getting into their stride, there might seem 
little point in conducting further elaborate 
engine trials, or devoting space in our 
own columns to discussions of the results. 
But the testing facilities available in this 
country have not, even at this stage, been 
confined to steam ; the Swindon dynamo- 
meter car has been used for road tests of 
diesel-electric and gas turbine locomo- 
tives, and the mobile test plant of the 
former L.M.S.R. has been used in con- 
nection with electric locomotive tests on 
the Sheffield and Manchester line. Never- 
theless, the performance of steam loco- 
motives will continue to be of interest for 
many years to come, and as the work of 
the Locomotive Testing Committee of 
British Railways proceeds a few more 
pieces of the reputedly jumbled mosaic 
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fall into place. The latest bulletin to be 
issued, on which a commentary is con- 
cluded elsewhere in this issue, deals with 
those extraordinary steam locomotives, 
the “ Merchant Navy ” class of the former 
Southern Railway. The bulletin is perhaps 
of more than usual interest, for their 
designer, Mr. O. V. S. Bulleid, clearly 
foresaw the very difficult conditions likely 
to develop towards the end of the second 
world war, and embarked upon several 
novel features as the basis of a design 
for mixed traffic duties which he was able 
to build amid all the restrictions of 
wartime. 

That the locomotive proved erratic 
and difficult to test is obvious from the 
merest glance at the bulletin ; but these 
characteristics should not be allowed to 
divert attention from the central feature 
underlying the design—that to reduce 
daily servicing and periodic maintenance 
to a minimum the whole of the valve gear, 
together with the inside connecting-rod, 
should be totally enclosed, and run in an 
oil bath. That there would be teething 
troubles, necessitating modifications in 
detailed design, was to be expected ; 
but the ideal aimed at was one worth 
prolonged perseverance. Between the 
measured phraseology of the bulletin, 
in recounting some of the difficulties expe- 
rienced, one can read that a high time 
was had by all; but while experiments 
were made to try and improve the com- 
bustion, by altering the draughting 
arrangements, and trials were made with 
and without thermic siphons in the fire- 
box, there is no report in the bulletin of 
any research towards the real causes of 
erratic performance, which undoubtedly 
lay in the special valve gear fitted to these 
engines. An engine of the “ Merchant 
Navy” class was in the hands of the 
Locomotive Testing Committee for more 
than two years, and it would have seemed 
an ideal opportunity to subject the valve 
gear, detail by detail, to full examination 
on the Rugby testing plant. But this, 
apparently, was not done, and instead 
we have merely an account of the odd 
fluctuations in power that arise from 
internal antics, at the nature of which one 
can only guess. No doubt the brief given 
to those in authority at Rugby was limited 
in scope. Certain characteristics of per- 
formance were to be investigated, and 
no more. But the principles that gave 
rise to the ‘“‘ Merchant Navy ” valve gear 
seem so worth while that one is a little 
surprised that no sustained attempt has 
been made to eradicate the weaknesses 
in detail. This group of tests does tend 
to bring to the fore the objects to be aimed 
at in quantitative analytical tests on 
locomotives. With a new design, like 
the “‘ Britannia,” every facet of perform- 
ance has to be determined ; but with the 
“* Merchant Navy ” it was surely different. 
Here was a type well established as one 
of the fastest and most powerful anywhere 


Nov. 11, 1955 


in the country, but one obviously having 
a serious weakness in the unreliable 
working of the valve gear. With an 
engine set aside for extensive testing it 
would seem obvious to us to concentrate 
efforts, at first, at any rate, upon the 
weak spot, the valve gear. The steming 
and the effects of different grades of coal 
appear as so many academic studies, 
compared with the primary need for 
setting the valve gear to rights and 
enabling the engines to be worked more 
economically, with a wide regulator open. 
ing and short cut-offs. 

Of course, the locomotive policy pur- 
sued since nationalisation has followed 
along very different lines, towards extreme 
simplicity, and all running gear outside 
and readily accessible. On this account 
it may not have been felt worth while 
attempting to develop the ‘“ Merchant 
Navy” gear in any way. But, on the 
other thand, the capital value represented 
by the 140 first-line “ Pacific ” engines to 
which it is fitted is considerable, and 
conversion to a more conventional form 
of valve gear would be costly. Unless 
there’ is some inherent and ineradicable 
fault in the valve gear (of which there is 
no proof at all) there is nothing to suggest 
that its modification might not make 
“Merchant Navy” class locomotives 
more economical than they are at present 
in service, in addition to having the 
remarkable “ power to pull” to which 
Mr. Nock refers in concluding his article. 
Surely the object of testing existing types 
should be to improve performance as 
well as to provide reliable information 
for those handling day-to-day traffic on 
the line. Certainly that seems to have been 
the policy with other classes tested. 
Why, then, was no attempt, apparently, 
made to discover where lay the faults in 
the valve gear, nor to discover whether 
or not they promised to be eradicable ? 
Two Bulleid innovations, the multiple 
blast pipe and the thermic siphons, of 
which the beneficial effects were doubtful, 
came in for experimental modification. 
A third innovation, known from the 
beginning to be faulty, was left alone ! 
No doubt the reasons lay, as we have 
already suggested, in the limited brief 
given to those in authority at Rugby. 
But the unfortunate result is a series of 
tests having the appearance of being 
unfair to the locomotive’s designer. This 
bulletin, therefore, leaves an uneasy feeling 
in the mind. With the urgent need to 
arm the steam locomotive to the teeth 
for its final and most difficult years of 
campaigning we do hope that the testing 
policy will prove to be one of tackling 
first things first, and not of conducting 
lengthy trials which, though interesting 
enough in themselves, are not of primary 
concern to those handling day-to-day 
traffic on the line, whose real desire, we 
feel, is to see faults eradicated and 
reliability and performance improved. 
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Photographic Exhibition of Modern Roads 


Last Monday, the Minister of Transport 
and Civil Aviation, Mr. J. Boyd Carpenter, 
opened an exhibition of photographs and 
models entitled “* Roads—How the World 
is Solving its Traffic Problems.” The exhibi- 
tion is being held in the great hall of the 
Institution of Civil Engineers, and will be 
open until November 18th; it has been 
organised by the Cement and Concrete 
Association, and will subsequently be shown 
at anumber of provincial cities. The photo- 
graphic display of road and bridge works to 
be seen is particularly comprehensive, and 
includes examples of recent construction 
from many countries. The exhibition brings 
out particularly clearly the vast amount of 
new road construction carried out since the 
war in practically every country except Great 
Britain. British road works are exemplified 
by two panels of photographs, by a model 
of the proposed Preston by-pass motorway, 
and by a model showing an idealised layout 
of a motorway passing through a city, in 
which sections of viaduct and of sunken 
roadway demonstrate how the motorway 
can be built and still preserve the amenities 
along its route. Of the many photographs 
shown, those of bridges serving modern 
roads are particularly noteworthy, and a 
number of bridges of advanced engineering 
design and of elegant appearance are to be 
seen. Some of the United States motorways 
—in California and Texas, for example—are 
particularly impressive, as are the photo- 
graphs of the Amsterdam—Utrecht motorway 
inHolland. There are, however, many other 
motor roads embodying works of engineering 
merit to be seen in the photographs at the 
exhibition. 


Tunnelling Record 


WE have been informed that a length of 
557ft of tunnel was driven in seven days, 
from October 19th to 26th, by tunnelling 
crews of the Mitchell Construction Company, 
on one of the tunnels of the St. Fillans section 
of the North of Scotland Hydro-Electric 
Board’s Breadalbane scheme in Perthshire. 
This figure is claimed as a “ world record,” 
exceeding a figure of 551ft achieved in the 
United States. The tunnel has a bed width 
of 8ft 6in and is being driven through a 
grit formation, with mica intrusions, known 
locally as Ben Ledi grit. With three teams of 
thirteen men working in eight-hour shifts, 
ninety tunnelling cycles, with an an average 
“pull” of 6ft 4in, were completed in the 
seven-day period. The best time for a com- 
plete cycle was ninety minutes. The con- 
sulting engineers for this work are Sir 
Murdoch Macdonald and Partners. Con- 
siderable interest in tunnelling speeds has 
been shown by civil engineers throughout the 
world since the introduction some years ago 
of new methods of drilling—notably the 
so-called “‘ Swedish ” method—and of plac- 
ing the concrete lining. High tunnelling 
speeds were not obtained in the first years 
of work on the North of Scotland Hydro- 
Electric Board’s schemes, largely because 
experienced labour for this class of work was 
not available at first. More recently, how- 
ever, a number of records for tunnelling 
speeds have been obtained by contractors 
on the Board’s works. We recorded in THE 
ENGINEER of March 17, 1950, a figure of 
2440fi of rock tunnel driven in thirty-one 





days in California and this is presumably the 
previous record from which the figure of 
551ft was derived. 


Safety in Mines 


THE twenty-third annual report on “Safety 
in Mines Research ” has been published this 
week by H.M. Stationery Office. It records 
the work accomplished during 1954 under 
the direction of the Mines Research Advisory 
Board. This work covers such matters as 
explosion and fire hazards, engineering and 
metallurgical research, dust control and 
the pneumoconiosis hazard, and the testing 
services made available. The report says 
that during last year there was no major 
disaster in British coal mines. There were, 
however, a number of ignitions of firedamp, 
and the realisation that “any ignition is 
potentially a serious explosion must preclude 
any feeling of complacency.” It cannot be 
too frequently emphasised, the report con- 
tinues, that the ultimate solution must lie, 
not only in the reduction of sources of 
ignition, but also and above all in the realisa- 
tion of a “clean” mine. Future develop- 
ments in mining technique must be directed 
to methods of coal getting that minimise dust 
production and give rise to no hazard of 
ignition of coal dust or gas, and to transport 
methods and measures designed to ensure 
clean roadways. In the section of the report 
dealing with engineering and metallurgical 
research, it is recorded that the Research 
Establishment is constructing new engineering 
laboratories at Sheffield. In addition, some 
large-scale testing equipment has been de- 
signed. This includes a plant for testing 
diesel locomotives of all sizes under con- 
ditions of full power output, and a large 
impact testing rig with a capacity of 100 
foot-tons for research into the safety of 
colliery drawgear and winding gear. Another 
matter mentioned in this part of the report is 
an investigation of substitute materials for 
aluminium and its alloys which are free from 
the danger of frictional sparks when used as 
components of mining equipment in safety- 
lamp mines. An urgent problem has been to 
find a safe alloy to replace aluminium friction 
pads fitted to several kinds of yielding props 
already in use, without adversely affecting 
their load-yield characteristics. Other work 
is concerned with the development of effec- 
tive designs for roof bars in selected alloy 
steels. 


Inquiry into the Nation’s Demand 
for Water 


THE central advisory water. committee of 
the Ministry of Housing and Local Govern- 
ment has decided to institute inquiries into 
the growing demand for water and into the 
collection of information about the country’s 
water resources. It recently appointed 
members to form the nucleus of two sub- 
committees. The terms of reference of the 
first sub-committee are: ‘‘ To consider the 
extent to which the demand for water for 
domestic, industrial, agricultural and other 
purposes is increasing and is likely to 
increase ; to consider the problems involved 
in meeting these demands, including, in 
broad terms, the cost ; to consider whether 
there are any substantial economies in the 
use or cost of water which could be made 
without reduction in standards of hygiene or 
in industrial or agricultural efficiency, and 
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to make recommendations.” The second 
sub-committee has been asked “‘ (i) to review 
the current activities which contribute to 
our knowledge of the nation’s water 
resources ; (ii) to define the additional work 
needed to make a balanced survey of the 
quantity and quality of surface and under- 
ground water available for domestic, indus- 
trial and agricultural use; (iii) to advise 
on ways of collecting and interpreting the 
necessary information, correlating it with 
information from other sources and publish- 
ing it.” 


Long Welded Rails 


FOLLOWING the laying of experimental 
lengths of long welded track on goods lines 
on the London Midland Region at Syston, 
and the Western Region at Llanwern and 
Treforest, a length of 1800 yards of track 
has been completed at Crewkerne on the 
Southern Region of British Railways. For 
this new length the rails were first flash-butt 
welded into 300ft lengths in a depot and 
subsequently joined on site by “ Thermit” 
welding. This latest length of rail is laid on 
concrete sleepers and the finished track 
contains reverse curves of 100 and 58 chains 
radius. Thirty-five trains a day travel at 
speeds of up to 80 m.p.h. on this line. Con- 
currently with the laying of the long rail 
lengths laboratory tests have been carried 
out to establish the necessary safeguards 
required to prevent distortion of the long 
rails in hot weather, and measurements are 
being made and recorded of the movements 
of the rails. For welding 300ft lengths of 
rail at depots British Railways have two 
flash-butt welding plants in service, and four 
more are on order to enable a considerable 
extension in the use of long welded track in 
future. In announcing the introduction 
of the new length of welded rail into service 
it is pointed out by British Railways that 
experimental trials in the use of long welded 
rails have previously been made on the 
Continent and their use is now being con- 
siderably extended. Continental traffic con- 
ditions and occupation facilities, however, 
differ considerably from those on British 
Railways. 


Mr. E. I. Mavor 


WE have learned with regret of the death 
on Sunday last, November 6th, of Mr. Eric 
Ingram Mavor, of Capelrig, Newton Mearns, 
the youngest son of the late Henry Mavor, 
who was the founder of Mavor and Coulson, 
Ltd. Mr. Mavor was born in 1894, and after 
leaving Glasgow Academy he entered an 
accountant’s office. In the first world war 
he served in the 6th Battalion, Highland 
Light Infantry, until he was severely wounded 
in Gallipoli’ Mr. Mavor joined the family 
firm of Mavor and Coulson, Ltd., in 1918 
and was appointed secretary in 1929, a 
director in 1932, and became joint managing 
director in 1940. He was also, from its 
inception in 1931, a director of M. and C. 
Switchgear, Ltd., at Kirkintilloch, a sub- 
sidiary of Mavor and Coulson, Ltd. Two 
years ago, Mr. Mavor made a business tour 
of South Africa, and earlier this year visited 
Malaya. His balanced outlook and kindly 
nature made his opinions sought after by 
friends and colleagues alike. In addition to 
his long service with his own company, Mr. 
Mavor had many outside interests. He 
served on the boards of the Glasgow Royal 
Infirmary, the Glasgow School of Art, and 
the Glasgow and West of Scotland College 
of Domestic Science, and since 1946 had 
been a director of the Scottish Amicable Life 
Assurance Society. 
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“Merchant Navy” Class Locomotives 


By O. S. NOCK, B.Sc., M.I.C.E., M.I.Mech.E. 
PERFORMANCE AND EFFICIENCY TESTS 
No. II—{ Concluded from page 646, November 4th) 


Among the various types of locomotives tested on the stationary plants of the 
British Transport Commission none embody greater departures from conventional 
practice than the Bulleid “* Pacifics ” of the former Southern Railway. In last week’s 
article the author commented upon the bulletin published by the Commission and in 
this concluding article some of the more important results are discussed in detail. 


N discussion among locomotive men no 

perennial topic is likely to produce a 
livelier argument than the very old one of 
driving “‘ on the regulator,” against driving 
“on the lever.” On many locomotives of 
relatively modern build, with well-designed 
valve gears, both methods appear to yield 
equally good, and equally economical results, 
and one has lately wished that both could 
be put to the proof on one or other of the 
stationary plants. The “ Merchant Navy ” 
class engine No. 35022 was tested at Rugby 
under both methods of handling—but for 
different reasons altogether. With full 
regulator working, to obtain characteristic 
curves over the whole power range would 
entail the use of short cut-offs for many of 
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the tests, and it is in these conditions that 
the performance of the “ Merchant Navy ” 
class engines proved most erratic. Fig. 1 
shows an extraordinary group of curves 


established during one period of testing, of | 


indicated horsepower at what are nominally 
constant cut-offs. The bulletin emphasises, 
however, that these should not be regarded 
as typical of the class as a whole, but merely 
representative of engine No. 35022 at the 
particular time. The behaviour of the valve 
gear, which alone could cause such results, 
was not investigated, but examples of typical 
indicator cards shown in Fig. 2 give further 
evidence of irregularity in valve events at 
low speed. The cards taken at 15 m.p.h. in 
15 per cent cut-off would not appear to be 
peculiar in this one engine. While travelling 
in the mobile testing unit behind engine 


No. 35005, the author has seen on the 
Farnborough indicator conditions closely 
similar to those in the left-hand cylinder of 
No. 35022 at Rugby when the fore port 
seemed almost completely blind. 

While it is true that in ordinary service a 
cut-off as short as 15 per cent is unlikely to 
be used at 15 m.p.h. with any engine, the 
curves shown in Fig. 1 go some way to 
explaining the practical enginemen’s pre- 
ference for longer cut-offs ; but there is a 
further point too. At short cut-offs—15 per 
cent or lower—although the cards taken at 
normal express passenger running speeds 
show approximate equality between the power 
developed in each of the three cylinders, in 
practice the vibration on the footplate is 
severe. The tests at Rugby made with the 
regulator partly open certainly show that a 
higher coal consumption is needed to secure 
the same drawbar pull; but the extra fuel 
is not too heavy a price to pay for the 
smoother ride, and consequent elimination of 
the severe racking set up everywhere. There 
must be, one feels, far less risk of mechanical 
failure, to say nothing of discomfort for 
the crew. The following table compares 
the coal consumption involved at speeds 
between 30 m.p.h. and 65 m.p.h. : 


Coal Consumption, Pounds per Hour to Produce 
1000 d.b.h.p. on Level at Constant Speed 





40 50 60 65 


3000 | 3150 | 3230 
3250 | 3700 | 3950 


ee 30 
Full regulator working .. 














Part regulator, 30 per cent 
cut-off 








At 60 m.p.h., therefore, the increase is 
about 17 per cent, and while the fuel con- 
sumption in the above conditions is not 
unduly high with full regulator, in the actual 
circumstances of revenue-earning service, 
and part regulator working, the “‘ Merchant 
Navy” class 
uneconomical, in fuel consumption alone, by 
modern standards. The only other British 
express locomotive type of class “8” 
capacity for which test results have so far 
been published show a coal rate of 2630 at 
60 m.p.h. for maintenance of 1000 d.b.h.p. 
on the level. 

Two actual examples of “‘ Merchant Navy” 
working noted by the author are tabulated 
below to indicate footplate technique in 
heavy express service on the Western section 
of the Southern Region. 

From the figures given it is obvious that 
the nominal cut-offs shown on the reverser 
scales of the two engines concerned did not 
represent anything like the true values, since 
engine No. 35014, working apparently on 
shorter cut-offs and lower steam chest 


locomotives are definitely. 


Cut-off - 10% 
Steam Rate - 29,400 Ib./hr. Lhp. + 1,820 
Maximum steam chest pressure. 
(2) 


tA: ch CB. 
RF. RB, 
LF. | | 7 


Cut-off - 15% Speed - IS mp.h. 
Steam Rate - 9,700 Ib./hr. ih.p.~ 372 


Maximum steam chest pressure. 
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E (b) 
LF. LB. CF. CB. ORE. RB, 


Cut-off - 15% Speed - 80 m.p.h. 
Steam Rate - 31,850 Ib./hr. ihp.- 1,861 
Maximum steam chest pressure. 

(c 


LF. La. CF. 


‘vit 


Cut-off - 30% Speed - 50 m.p.h. 
Steam Rate - 38,950 Ib./hr. ish.p. - 2,230 
Maximum “d) chest pressure. 


F. CB. ORF. RB, 


wut 


Cut-off - 25% Speed - 50 m.p.h. 
Steam Rate - 32,220 Ib./hr. ihp.- 1,938 


Maximum steam chest pressure. 
(e) 


Fig. 2—Examples of indicator cards 


pressures, produced a greater output of 
power. Both engines were in good condition, 
and No. 35025 had the advantage of a slight 
following wind. The figures themselves, 
quite contradictory, are very largely typical 
of the results obtained from attempts to 
analyse the performance of the “* Merchant 
Navy ” class engines. 


DRAWBAR CHARACTERISTICS 
From the various tests carried out at 
Rugby and on the road sets of characteristic 
curves of drawbar horsepower against speed f 
have been prepared. Figs. 3 and 4 show these F 
sets of curves for “ part regulator ” and “full 





Steam chest 
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per cent 


Engine 
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25 100 
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* Average for 25 miles. 


t Corrected for gradient. 








1955 


mn, 
ht 


al 


to 
nt 


at 
IC 


if 


me ORES Pee a 
























Nov. !1, 1955 


20 x 100 - 


18 RATES 
Thousands of Ib. /hr. 
WATER | COAL 

Sieam 

280 
260 
240 
220 3 
200 

180 

160 

140 


— << 
~ @& 


44l 
399 


~ 
nN 


Drowbar h.p. on Level at Constant Speed 
o Ss 


~ @& 


nn 





So 


20 30 40 50 
Speed - m.p.h. 


o 
_ 
S 





THE ENGINEER 


20 x 100 





Part Regulator Working RATES 
30% nominal cut-off 18 Thousands of Ib. /hr. 
16 WATER | COAL 
yy | 
= 290 462 
2 as 20 20 #4 
260 399 
8 12 240 
= 10 220 + 
& 200 
5 18-0 2:52 
FF 60 
rs 
F 6 
ao 
2 
0 
60 70 80 0 10 20 





681 





Full Regulator Working 


30 40 50 60 70 80 
Speed - m.p.h. 


Figs. 3 and 4—Drawbar characteristics, Blidworth coal, standard arsangement 


regulator” working on Blidworth coal. It 
will be seen at once that with full regulator 
working the values of drawbar horsepower 
for each steam rate show remarkably little 
falling off from the maxima, at 40 to 50 m.p.h., 
to the values at 70 m.p.h. The loss in effici- 
ency through part regulator working is clearly 
seen from the form of the graphs in Figs. 3 
and 4. This can be expressed as a loss in 
horsepower, at comparable speeds, at the 
same steam, Viz. : 


BLAST PIPE VARIATIONS 


The bulletin states that in spite of the good 
draught provided by the multiple jet blast 
pipe the combustion was never very good, 
particularly with a lower-grade coal. There 
was no evidence, however, that the thermic 
siphons had anything to do with this. On 
the other hand, there was some evidence that 
wider spacing of the grate bars, together with 
the provision of a deflector plate and admis- 


Drawbar Horsepower on Level at Constant Speed 


























Steam rate, lb/hr 16,000 20,000 24,000 28,000 
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65 m.p.h. 470 310 810 600 1150 870 1470 1180 

















The bulletin comments: “‘ Comparison of 
these graphs shows that at any speed above 
30 to 32 m.p.h. it is uneconomical to work at 
a comparatively long cut-off with severe 
throttling of the steam and is so to a very 
serious extent at normal express speeds, the 
reduction in power output at the same steam- 
ing rate reaching 20 per cent, even at high 
rates and increasingly more as the rate 
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Fig. 5—Steam-air-combustion curves, Blidworth coal, standard arrangement 


becomes less.” Yet this is exactly how the 

Merchant Navy ” class engines are habitu- 
ally worked in service, to avoid excessive 
vibration and mechanical failures. One 
would agree with the conclusions reached 
in the bulletins that the class as originally 
designed is most effective and capable, but 
One that is relatively uneconomical. 






sion of more secondary air, would effect some 
improvement. 

One locomotive of the class has been in 
service for some time with a special blast 
pipe with a single circular orifice, and with a 
chimney of reduced diameter ; and a similar 
chimney, adjustable vertically in the smoke- 
box, together with two single blast pipes with 
different orifice diameters, were supplied as a 
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non 
Blast Pipe Pressure - 
Ib. per sq. in. G. 
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Smokebox Draught - 
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Excess Air - Per Cent 
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inches of water 


basis for further tests. But, as the bulletin 
states, the essence of the problem so far as 
the “‘ Merchant Navy ” class is concerned is 
that the height available between the top of 
the inside valve chest and the top of the 
chimney, as limited by the loading gauge, is 
very restricted for a locomotive of class “‘ 8 ” 
capacity. Various modifications were made 


during the progress of the tests, but in spite 
of every effort to obtain good combustion 
none of the combinations of blast pipe and 
chimney gave results that were up to the 
standard set by the multiple jet arrangement. 
While the graph of boiler efficiency, when 
using Blidworth coal, was identical for both 
single and multiple jet blast pipes, the maxi- 
mum steaming rates was reduced from about 
34,000 Ib per hour to about 31,000 Ib per 
hour, which, as the bulletin comments, “is a 
serious diminution of the engine’s potential 
capacity.” 

The trials showed that a good single blast 
pipe arrangement would need roughly a foot 
more height between the top of the inside 
valve chest and the chimney top ; but, due 
to the cylinder layout, this could not be pro- 
vided. In this locomotive all three cylinders 
drive on the centre pair of coupled wheels, 
and in consequence the inside cylinder has to 
be set considerably higher than the outside 
ones and inclined. The fact that the valve 
chest is mounted still higher, vertically 
above the cylinders, results in the very 
restricted headroom above. But in any case, 
while the combustion was never very good, 
there is nothing in the test results to show 
that the multiple jet blast pipe gives rise to the 
ejection of abnormally large amounts of 
unburnt fuel from the chimney ; the losses 
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Fig. 6—Steam-air-combustion curves, Bedwas coal, standard arrangement 


on this account were not seriously larger than 
those of other locomotives. 


STEAM-AIR-COMBUSTION RELATIONS 


The effects upon the combustion of 
the use of different fuels is shown in five 
diagrams from the bulletin, Figs. 5 to 9. 
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Fig. 7—Steam-air-combustion curves, South Kirkby coal, standard arrangement 


The nearest approach to what is usually 
regarded as the ideal form of graph was 
reached in the trials of the boiler without 
thermic siphons in the firebox. In this 
(Fig. 9) the relations between “air 
supplied” and “ gas ejected” on the one 
hand, and the amount of dry coal fully 
burned are practically straight lines ; with 
the boiler “ as designed” and equally with 
the single blast pipe the curves show a 
tendency to fall away at higher firing rates, 
thus producing a fairly rapid reduction in the 
amount of excess air and a consequent low 
limit upon the maximum steam rate. 


THERMIC SIPHONS 


In the previous paragraph reference was 
made to the boiler without thermic siphons. 
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Fig. 9—Steam-air combustion curves, Blidworth coal, without thermic siphons 
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Generalising, the bulletin states: “* The 
removal of the thermic siphons necessitates a 
completely different type of brick arch, and 
it must be emphasised that such differences 
as were observed may have been due as much 
to the different arch as to the absence of the 
siphons. In addition a year had elapsed and 
there was some deterioration of the quality 
of the coal, although there was nothing of any 
real note different in the analyses. Much 
trouble was experienced from clinkering of 
the grate and “ birdsnesting” of the tube 
plate, but how much of this should be 
ascribed to the alterations to the boiler and 
how much to some change in the coal is 
doubtful. The locomotive was certainly far 
more difficult to fire correctly than it had 
formerly been.” 

When the technique 
was mastered, how- 
ever, good results 
were obtained, for the 
bulletin proceeds : 
“The highest rate of 
steaming actually 
reached was 32,000 Ib 
per hour, no attempt 
being made to go 
beyond this. This rate 
was reached, however, 
more easily than the 
33,000lb per hour 
had been attained with 
the siphon equipped 
boiler and it can 
reasonably be said 
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e so 
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Blost Pipe Pressure - 
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ficant change in the 
maximum outputs, 
which are nearly ident- 
ical on the basis of 
equivalent evapora- 
tion. 

“* The removal of the 
thermic siphons has 
virtually no effect on 
the maximum output 
of the boiler, when 
using Blidworth coal, 
because the limit is set 
by the amount of fuel 
that the draught can 
burn and not by the 
ability of the heating 
surfaces to transmit the 
heat of the gases to 
the water ; the boiler 
tubes can transmit to 
the water virtually the 
whole of any addition- 
al heat in the gases 
that has no longer 


1,600 = =1,800 


that there is no signi-. 


Fig. 8—Steam-air-combustion curves, Blidworth coal, single jet blast vipe 


been transmitted by the siphons in the 
firebox. The maximum actual evaporation 
may be very slightly lower, but, due to 
the higher superheat, the equivalent evapor. 
ation is practically identical with that 
for the siphon equipped boiler. The removal 
of the siphons and the change of brick arch 
resulted in an increase in the inlet steam 
temperature of some 40 deg. to 60 deg. Fah, 
The fact that the thermic siphons in this loco. 
motive do not make any improvement in 
either efficiency or output is contrary to test 
results obtained in the United States. This 
is probably due to the larger size of the U.S. 
locomotive concerned and the fact that, 
there, it is usually very difficult to obtain 
sufficient firebox heating surface without 
siphons or similar devices, whilst the effect of 
changing the brick arches may have been 
quite different in the two cases.” 


CAPACITY FOR WORK 


Interesting as are the numerous thermo- 
dynamic analyses included in the bulletin, 
and the effects or lack of effect of altera- 
tions that were no more than experimental, 
the capacity for work displayed by the loco- 
motive remains an outstanding characteristic, 
and in the most practical aspect of train 
haulage the performance diagram produced 
in Fig. 10 is one of the most useful to the 
motive power department. This shows the 
coal per drawbar horsepower hour for part 
regulator working for steam rates ranging 
from 14,000 Ib to 28,000 Ib per hour. From 
this diagram certain estimates of weight 
haulage capacity have been deduced, as given 
in the following table : 

65 m.p.h. on Level Track* 





200 300 


7-0 5-1 
approx. 


2270 


400 
4°45 


Trailing load, tons tare... 





Coal per drawbar horse- 
power-hour, pounds 





Firing rate, pounds per 2700 3150 
hour 





* Train resistance assumed as 10 Ib per ton. 


50 m.p.h. on Gradient 1 in 200 Rising* 





200 300 
3-55 3-3 


400 
3-15 


Trailing load, tons tare... 





Coal per drawbar horse- 
power-hour, pounds 





Firing rate pounds per} 2520 3150 3850 
hour 

















* Train resistance assumed as 7-5 Ib per ton. 


At a steam rate of 28,000 Ib per hour the 
drawbar horsepower of 1180 at 65 m.p.h. is 
equivalent to the haulage of a trailing load of 
680 tons at that oan At 60 m.p.h. the 
same steam rate provides for the haulage of 
890 tons. The power to pull is certainly 
available in the “ Merchant Navy” class 
engines, but at a rather heavy cost in coal. 
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Arthur Woolf, 


THE ENGINEER 


Engine Maker 


By A. K. BRUCE 


At the end of the eighteenth century several mechanical engineers, pressing after 
James Watt, were doing truly pioneer work on the steam engine. The primitive 
state of the mechanical and metallurgical arts afforded great scope to those who, 
possessed of innate mechanical skill, could make things work. Among the men 
whose efforts were at that juncture outstanding, high importance attaches to a group 
from Cornwall, prominent among them being Richard Trevithick, the brothers 


Hornblower and Arthur Woolf. 


If the following article refers particularly to 


Arthur Woolf it is for the reason that his name and work are not so well known as 
they deserve to be. There has been confusion, hitherto, as to where, in London, 
Woolf did his work. This confusion has now been dispelled and those who are 
interested in the actual sites upon which historic technical labours have been 
performed will now be able to make their way to the spots in London most closely 
associated with Arthur Woolf and the compound steam engine. 


URING theclosing years of the eighteenth 
century and the opening years of the 
nineteenth there was much hostility between 
steam-engine inventors; hostility strongly re- 
flected in the long-protracted litigation conse- 
quent upon infringement of Watt’s patent for 
the separate condenser. This patent had been 
extended by Act of Parliament and the 
proprietors declined to grant licences to 
other engine builders. !n these circumstances 
and since the demand for steam engines 
was increasing at a rate which quickly 
overtook the engine-building capacity of 
Messrs. Boulton and Watt, the potential 
buyer who wished to avoid the possibility 
and consequences of litigation had either 
to wait for a Watt engine or install an 
atmospheric engine working without a 
separate condenser. This stimulated the efforts 
of all those engine builders who, active as 
manufacturers during the long life of the 
Watt patent, were not only eager to supply 
engines but more than doubtful as to the 
validity of the patent. It has to be remembered 
that in the action brought—during 1795— 
by Boulton and Watt against Bull, the Court 
was equally divided and no judgment 
given. One of the judges (Sir Francis 
Buller) argued, indeed, that ‘Where a 
patent is taken for an improvement only, 
the public have a right to purchase that 
improvement by itself, without being en- 
cumbered with other things.” Some years 
earlier Watt himself had been much dis- 
turbed by the decision of the Court—on 
the grounds of ambiguity and lack of novelty 
—in setting aside Richard Arkwright’s patent 
No. 1111 of 1775. Writing to Boulton 
he remarks that “‘ Though I do not love 
Arkwright, I don’t like the precedent of 
setting aside patents through default of 
specification. I fear for our own.” It is 
not surprising that this decision on Ark- 
wright’s patent, together with the delay in 
arriving at a ruling on the validity of Watt’s 
patent, should have encouraged the com- 
petitors of Boulton and Watt either to 
infringe the patent or to sail as near the wind 
as possible. One of these competitors was 
Adam Heslop, whose rotative beam engine 
with two steam cylinders made its appearance 
during 1790, when Boulton and Watt were 
preparing for litigation with such as Horn- 
blower"and Maberley. There were a number 
of other proposals for two-cylinder engines, 
the best known being Hornblower’s and with 
the turn of the century the activity of Arthur 
Woolf brought the compound engine into 
prominence, largely by reason of the simul- 
taneous advocacy of higher steam pressure. 
Arthur Woolf was the eldest son of a 
“mine carpenter” in Camborne, Cornwall, 
the date of his baptism at Camborne being 
given as November 4, 1766. It is believed 
that Woolf was apprenticed to a carpenter 
at Pool, between Camborne and Redruth, 


and that after serving his time he went to 
London, finding work as a millwright before 
obtaining employment at the Pimlico 
establishment of Joseph Bramah. In 1796 
he is reported to have been working in 
County Durham erecting an engine or engines 
for Hornblower and Maberley. During or 
about 1797, while still employed by Horn- 
blower and Maberley, Woolf was concerned 
with some engine work at Meux’s brewery, 
London, and it was as a result of this activity 
that he appears to have been engaged as 
engineer at the brewery, his wages at the 
outset being £2 per week, later increased to 
£3 per week. In this employment Woolf 
remained from about April, 1797, until 
October, 1806, and it was during his time at 
Meux’s brewery that he applied for his 
patents Nos. 2726 dated 1803, 2772 dated 
1804 and 2863 dated 1805. There is good 
reason to believe that one or more of the 
cast-iron sectional boilers described by 
Woolf in patent No. 2726 were installed 
at the brewery in or about 1803 and it may 
have been the unsatisfactory performance 
of these prototype cast-iron boilers which 
led to his departure from the brewery late 
in 1806, when he entered into partnership 
with a millwright of the name of Edwards 
who had a business in Lambeth. On June 
9, 1810, Woolf (then dwelling in Lambeth) 
applied for a further patent (No. 3346) 
relating to “Improvements in the con- 
struction and working of Steam Engines.” 
In or about the end of 1812, Woolf separated 
from Edwards and returned to his native 
Cornwall, his great ability being soon 
recognised. In 1833 he retired to the Channel 
Islands, where he died (Guernsey) on October 
26, 1837. 

In his “Short History of the Steam 
Engine ” H. W. Dickinson, writing of Arthur 
Woolf, states (page 99) that “‘ He had come 
up to London, where eventually he had 
obtained employment as engineer to Meux’s 
Brewery, in Tottenham Court Road.” Rhys 
Jenkins was under the same impression 
since he relates (“A Cornish Engineer : 
Arthur Woolf, 1766-1837,” Transactions of 
The Newcomen Society, Vol XIIl) how 
“From ‘the brewery to his house Woolf 
would have a country walk across the fields 
behind the British Museum and Bedford 

re.” Both writers are mistaken, since 
had Woolf been working at a brewery in 
Tottenham Court Road he would certainly 
not have chosen to live so far away as at 
Spa Fields (also known as Ducking-Pond 
Fields and Clerkenwell Fields), now part 
of the Borough of Finsbury. Moreover, 
reference to Horwood’s map of London 
(1799) shows that while there was at that 
time a brewery adjacent to the southern 
end of Tottenham Court Road, it belonged 
not to Mr. Meux but to Mr. Stevenson. 
The same very reliable map also shows that 
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the site then occupied by Meux’s brewery 
was in Liquorpond Street (now part of 
Clerkenwell Road) near the corner of what 
is now Clerkenwell Road and Leather Lane. 
Moreover, Holden’s Directory for 1802-1804 
has the entry ‘*‘Richard Meux and Co., 
brewers, Liquorpond Street, Gray’s Inn 
Lane.” 

As to the place of residence of Arthur 
Woolf, the 1805 issue (fourth edition) of 
Holden’s Directory states that “ Arthur 
Woolf, engine-maker,” then occupied No. 5, 
Wood Street, and further investigation has 
revealed that the short length of Pine Street, 
Finsbury, which connects Vineyard Walk 
to Exmouth Market, was formerly known as 
Wood Street. Horwood’s map actually 
shows the positions of the individual houses 
in Wood Street, No. 5 standing on the east 
side of the street, the site being now covered 
by the modern factory building called 
Exmouth House. The west side of what was 
once called Wood Street (now Pine Street) 
is still occupied by a row of old dwelling- 
houses which may likely date from the end 
of the eighteenth century and it can be 
presumed that Woolf dwelt in a comparable 
house on the opposité side of the thorough- 
fare. The modern Exmouth Market was 
known, during Woolf’s time and for long 
after, as ‘‘ Brayne’s Row,” where stood a little 
east from Wood Street, Spa Fields Chapel, 
the site of which is now covered by the Church 
of Our Most Holy Redeemer. The recreation 
ground and garden facing the east end of 
Vineyard Walk lie on what was formerly 
the burial ground of Spa Fields Chapel. 
Brayne’s Row and Spa Fields Chapel must 
have been well known to Woolf, whose 
route from his house to the brewery is easily 
traced. He would proceed along Vineyard 
Walk, across Coppice Row (now Farringdon 
Road), down’Great Bath Street (now renamed 
Topham Street), through Cold Bath Square 
and up Eyre Street Hill (formerly Eyre 
Street) to Liquorpond Street. This distance 
is easily covered in seven minutes and Woolf 
would doubtless walk from his house to the 
brewery and back at least twice a day. 
Horwood’s map shows very clearly the 
position of Meux’s brewery in Liquorpond 
Street, and the site of No. 14 (a house which 
was part of the brewery property and stood 
at its entrance) is now covered by the Post 
Office in Clerkenwell Road, near the corner 
of Leather Lane. The site of the brewery 
itself lies below the buildings and court- 
yards of the Bourne Housing Estate and 
appears to have extended for about one- 
third of the distance between Clerkenwell 
Road and Portpool Lane. 

It is on record that Mr. Henry Meux 
(afterwards Sir Henry)*did not retire from 
the firm in Liquorpond Street (Richard 
Meux and Co.) until 1809, when he pur- 
chased the Horseshoe Brewery (Stevenson’s) 
in Tottenham Court Road. The Post Office 
Annual Directory for the following year 
(1810) has the entry: ‘“ Henry Meux and 
Co., Brewers, Bainbridge Street, St. Giles.” 
This brewery stood—and was so standing 
within living memory—between Bainbridge 
Street and Great Russell Street on ground 
now covered by the Dominion Theatre and 
adjacent buildings. It was the scene, during 
1814, of a most sensational occurrence when 
the great porter vat—which had been the 
talk of London at the time of its construction 
—unhappily burst, owing to the defective 
state of some of its hoops. This collapse 
involved severe damage to property and some 
loss of life among the inhabitants of the 
adjacent built-up area. Small tenements 
were flooded to such an extent that the walls 
subsided and some of them collapsed entirely. 
Eight persons were drowned or suffocated 
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with the fumes of the old porter and many 
were intoxicated by drinking the liquor as it 
flowed along the streets. We read that the 
vat was 22ft in height and contained 3555 
barrels of porter. Woolf’s connection with 
Meux’s brewery had ceased some years 
earlier, the Post Office Annual Directory for 
1810 containing the following entry : 

** Arthur Woolf, Engineer, Servil-Place, Lam- 
beth.” 

While it is now certain that Woolf’s 
experiments on the compound steam engine 
were conducted not in Tottenham Court 
Road but in Liquorpond Street, Clerkenwell, 
some uncertainty remains as to the identity 
of the engine upon which, at the outset, 
experiments were made. From some 
accounts it would appear that he dealt with 
an engine which had been erected by Jonathan 
Hornblower. In Rhys Jenkins’s narration 
reference is made to a small engine (cylinders 
14in by 30in) supplied to Meux’s brewery 
by Fenton, Murray and Wood, to which 
engine a further and smaller cylinder is said 
to have been added. After altering an 
existing engine, Woolf, according to this 
account, proceeded to build an entirely new 
compound engine, together with a boiler or 
boilers of his cast iron sectional type operat- 
ing at a pressure of about 40 Ib per square 
inch. It should be mentioned that Rhys 
Jenkins, in writing his paper on Arthur 
Woolf, had access to the text of the- unpub- 
lished second volume of John Farey’s 
Treatise on the Steam Engine. This unpub- 
lished text contains a considerable amount of 
information which, relating to Woolf and 
his work, was compiled by one who knew 
him well. Olinthus Gregory’s Treatise of 
Mechanics includes an article written by 
Jabez Carter Hornblower (Jonathan’s 
brother) wherein reference is made to an 
engine having two cylinders’ which was 
erected at Meux’s brewery in or about 1796. 
“* This engine,” writes Hornblower, “ has its 
merits and its defects : it is subject to a deal 
of friction, by having double cylinders, and 
their appendages; and unless the com- 
munication between the cylinders is clothed 
with the best materials for that purpose, a 
great loss of heat must ensue.” The brewery 
to which Hornblower refers must certainly 
have been the establishment at Liquorpond 
Street and it appears that Woolf worked on 
more than one engine during his employ- 
ment at this brewery. It does not seem 
possible to name the actual date at which 
Woolf first went to Liquorpond Street, but 
it may have been as early as 1796. 

Examination of the text of his patent 
specifications and of the history of his work 
generally, shows that while Woolf had studied 
some of the technic&l literature available at 
the time—he refers in one specification to the 
work of Papin—he was without any authentic 
notion of the actual properties of steam. 
He had, however, like Trevithick, a great 
amount of courage and no small belief in his 
own ability, and he possessed, moreover, a 
truly remarkable flair for improving engine 
details. Only those who have actually 
worked on engine overhaul and maintenance 
can appreciate the ingenuity shown by 
Woolf in tackling, for example, the problem 
of leakage past the piston. This, while a 
legacy from the days of Newcomen, became 
more acute with increase of steam pressure 
and all sorts of devices were proposed by the 
early steam engine makers with a view to deal- 
ing with it. Cresy’s Encyclopedia of Civil 
Engineering (1847) reproduces a drawing 
showing one of Woolf’s numerous schemes 
for enabling the engine attendant to tighten 
the junk-ring down on to the piston packing 
without removing the cylinder cover. Stuart, 
writing sometime prior to 1829, calls this “‘ an 
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excellent contrivance for tightening the 
packing.” In the end, Woolf resorted to 
metallic packing for the pistons in his large 
single-cylinder Cornish engines. Another 
improvement devised by Woolf was the 
arrangement of the piston-rod cap so that 
if at any time the mass of the beam and rods 
“should acquire momentum enough to 
carry the engine too far indoors, and the 
spring blocks or catch piece should fail, 
the cap would have liberty to slide down the 
rod after the piston had arrived at the 
bottom of the cylinder, and the remaining 
momentum might thus have time to exhaust 
itself without doing further mischief. Instances 
are known of the cylinder bottom being saved 
by this means.” In describing Woolf’s 
piston-rod cap, Dr. Pole (The Cornish Pump- 
ing Engine) remarks that it is “‘ one of the 
multitudinous improvements in detail intro- 
duced by Woolf.” While the invention (about 
the year 1800) of that beautiful contrivance 
known as the double-beat valve is attributed 
to Jonathan Hornblower, it was never much 
used until certain “‘ inconveniences in the 
manufacture” had been overcome. Dr. 
Pole, writing of the double-beat valve, 
relates how “ Arthur Woolf, seeing the great 
value of the principle, altered the shape and 
position of the valve with his usual ingenuity 
and mechanical skill and thereby removed 
all the inconveniences formerly attending 
its use. The form he gave it has since been 
universally adopted for Cornish engines. 
The valve has, however, been unused and 
almost unknown in any other part of the 
country until a very recent application of it 
to rotative engines by Mr. Fairbairn and 
some Scotch engineers.... There are many 
slight modifications in the construction of 
valves on this principle as designed by 
different engineers, but all adhere to the 
general form given to it by Woolf.” Dr. 
Pole was writing before 1844, and could 
have had no idea of the world-wide applic- 
ation which awaited the double-beat valve. 


CORNISH PUMPING ENGINES 


It is clear that his main object in the design 
and construction of steam engines was to 
render them at once not only economical, 
but unbreakable. Hence came that reputa- 
tion which brought him to the top of his 
profession as a designer and constructor of 
Cornish pumping engines. It is on record 
that of the forty-four engines mentioned in 
the Cornish Pumping Engine Report for 
1821, sixteen were operating under the super- 
vision of Arthur Woolf, no other engineer 
having the care of so many. Writing not 
later than 1806 at a time when Woolf had 
still to reach the summit of his career, 
Gregory (Mechanics, Vol. IT) remarks that : 
** Should they (Woolf’s engines) answer the 
expectations that have been formed 
of them, Mr. Woolf’s discovery will form a 
new and singular epoch in the history of an 
engine, which had previously been brought 
to a state of such high perfection as almost 
to exclude the hope of any further improve- 
ment.” Farey, writing not later than 1827, 
observes that “The advantages of the 
expansive method of working a steam-engine 
are more fully obtained when the steam has 
an elasticity considerably greater than that 
of the atmosphere : this is a modern improve- 
ment by Mr. Woolf, and it admits of stopping 
off the supply, at a very small portion of the 
stroke, and still obtaining a great force from 
an engine of suitable dimensions.” Earlier, 
he writes that “‘ The last and most improved 
steam-engine was invented by Mr. Woolf in 
1805, and has since been brought into very 
extensive use by him. It is also a high- 
pressure steam-engine, but the high-pressure 
steam, after exerting its force upon a move- 


Nov. 11, 1955 


able piston, is used over again, to act on q 
second larger piston, and is then condensed 
to obtain a vacuum the same as in Mr, 
Watt’s engine. The improvement is ve 
important, as the power is obtained by this 
double use of the steam, with a much smaller 
consumption of fuel than .in any other 
engine.” Stuart, whose book appeared jp 
1829, remarks of Woolf’s two-cylinder engine 
operating with high-pressure steam that 
“Experience has stamped this to be a great 
improvement.” Dr. William Pole (writing 
not later than 1844) relates how “ Woolf's 
first engine was erected at Meux’s brewery in 
London, to which establishment he was 
engineer, in 1806, and subsequently others 
were fixed in different manufactories. Some 
of these were comparative failures in regard 
to economy. I have been favoured by Mr. 
George Rennie with some notes of trials made 
by his father in 1807 upon Woolf’s engines at 
Meux’s brewery, and at Reid’s distillery, 
whereby they appear to have been doing 
much less duty than Watt’s engines of the 
same period. They served, however, to 
furnish Woolf with experience in their con- 
struction and management, which was not 
lost upon him.” «Dr. Pole gives particulars 
of some of the engines built by Woolf imme- 
diately after his return to Cornwall in or 
about 1813. The first was “a single-acting 
engine, having the larger cylinder 45 inches 
diameter, working with a 7-feet stroke. The 
smaller, or high-pressure cylinder, was about 
one-fourth the area of the larger.” This and 
other engines constructed by Woolf created a 
considerable stir in Cornwall and there is 
general agreement as to the excellence of 
the workmanship put into them by Woolf. 

It has been recorded (by Dr. Pole) that 
“ Besides being an experienced engineer, 
Woolf was a skilful workman, and the 
engines erected under his superintendence 
excelled in mechanical correctness of execu- 
tion. The example he set in this respect was 
followed by the other engineers, so that the 
introduction of his engines into Cornwall 
produced ere long a most beneficial effect on 
the manufacture throughout the county. 
His machinery was so excellently fitted that it 
was sometimes remarked his engines were 
more like ornaments for a showroom than 
machines for draining a mine.” On the 
historical position of Woolf as a pioneer of 
the compound engine, the same writer sub- 
mits that his invention “‘ consisted simply of 
the application of high-pressure steam to the 
double-cylinder engine invented by Horn- 
blower in 1781; and therefore Woolf’s 
improvements stood in the same relation to 
Hornblower’s engine, as that of Trevithick 
.... to the low-pressure expansion engine of 
Boulton and Watt, namely, by carrying out 
the principle of expansion to a further and 
more advantageous extent by the substitution 
of high-pressure for low-pressure steam.” 
Farey, concluding his account of Jonathan 
Hornblower’s engine, remarks that “he 
brought forward a real improvement in his 
arrangement of appropriating one cylinder 
and piston to receive the expanding steam, 
and derive force from it during that expan- 
sion, whilst the action of the dense steam is 
previously performed in another smaller 
cylinder and piston, exclusively reserved for 
that purpose. But Mr. H. did not himself 
apply that improvement in a suitable manner, 
so as to gain any sensible advantage from it 
as his successors have done.” 

Writing more than a century after Farey, 
Rhys Jenkins sums up as follows on the 
question as to whether Woolf was, as has 
been claimed, the inventor of the high- 
pressure expansive steam engine: “ He 
does seem to have been the first to propose 
and to work high-pressure steam expansively, 
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but we can hardly say that there was any 
articular invention in the idea, seeing that 
jow-pressure steam had been so worked and 
that high-pressure steam was already in use.” 
Rhys Jenkins adds that “‘ Woolf showed the 
Cornish engineers that large engines could be 
built to work with high-pressure steam 
and condensation, and built to work suc- 
cessfully in continuous operatior. Moreover, 
he taught them how to make such engines, 
for it is admitted on all sides that as a 
mechanical engineer he was in the first rank.” 
The later phases of Woolf’s practice as an 
engine maker were much influenced by the 
trials carried out at Dolcoath in 1816, the 
results of which established the good per- 
formance of the single-cylinder single-acting 
Boulton and Watt engine when operating 
expansively, at steam pressures such as those 
proposed by Trevithick and Woolf. Hence 
ensued a strong competition between the 
single-cylinder and double-cylinder engines, 
each working with what was then deemed 
high-pressure steam. After a time the 
er maintenance cost of the more com- 
plicated double-cylinder Woolf engine and 
the operational troubles experienced with 
Woolf’s cast iron boilers swung the balance of 
opinion in favour of the simpler engine 
working at the same steam pressure as had 
been employed on the Woolf engine and in 
conjunction with the cylindrical (Cornish) 
boiler. Woolf himself was obliged to come 
into line with the general tendency and 
during 1820 he erected two engines at the 
Consolidated Mines, each of them having a 
single cylinder of 90in diameter and 10ft 
stroke. The results were such that, as related 
by Dr. Pole, “‘ Woolf’s former more cumb- 
rous and expensive contrivance began to be 
disused in the mines, and the Cornish engine 
gradually settled down into its simplest form, 
viz. a single engine on Boulton and Watt’s 
construction.” 


WooLF AS A BOILER MAKER 


On the subject of Woolf’s activities as a 
designer and maker of boilers, the specifica- 
tion of his patent No. 2726 of 1803 and the 
drawings which accompany it are well worth 
studying. What he describes is “An 
Improved Apparatus for Converting Water 
or other Liquids into Vapour or Steam for the 
Working of Steam Engines, for the Heating 
of Water or other Liquids employed in 
Brewing, Distilling, Dying, Bleaching, Tan- 
ning and other Processes connected with 
Arts and Manufactures ; calculated also to 
make a Stronger Extract than can be obtained 
by the Processes commonly in use from a 
given Quantity of any Vegetable or other 
Substance from which Extracts are or may 
be made, without the Danger of Burning, 
Scorching, or Singeing such Vegetable or 
other Substances, and Applicable to various 
other Processes.” Woolf had clearly in 
mind a boiler in which not only would it be 
possible to avoid a great amount of the 
labour involved in the manufacture of 
wrought iron boilers, but a steam generator 
giving a high rate of evaporation per unit of 
heating surface. He also aimed at increasing 
the pressure far beyond the limit laid 
down by Watt. At about that time the 
standard instructions relating to the use of 
steam engines were Watt’s Directions for 
Erecting and Working the Newly Invented 
Steam Engines. These stated “It is never 
advisable to work with a strong steam when it 
can be avoided, as it increases the leakages 
of the boiler and joints of the steam case, and 
answers no good end.”” The boiler pressure 
recommended by Watt hardly exceeded the 
pressure of the atmosphere. When supplying 
steam for full engine output the recommenda- 
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tion was that the boiler pressure should not 
exceed 2in of mercury. 

There has been a tendency to criticise 
Watt for his extremely cautious attitude 
in regard to steam pressure. It can also be 
maintained that this attitude was due to 
the realisation, by Watt, of the extent to 
which the success of the steam engine was 
dependent upon the quality of the personnel 
responsible for operating it. Had he not 
possessed this sagacity the development 
of steam power might have been greatly 
retarded. An instance is seen in his decision 
to postpone the introduction of the method 
of working steam expansively until experi- 
enced erectors and engine attendants were 
available. In a letter to Samuel Ewer, 
Jun., dated July 9, 1791, Watt writes as follows: 

“ Though the effect of the steam is there- 
by increased 50 per cent (by theory 100 per 
cent), it cannot be done without rendering 
the machine more complicated than we wish : 
and simplicity is a most essential point in 
mechanics. There are other contrivances 
known to us which would increase the effect 
in an inferior degree, say from one-fourth 
to one-sixth, but they are all attended with 
peculiar inconveniences which forbid their 
use until the illiterate and obstinate people 
who are intrusted with the care of the engines 
become more intelligent and better acquainted 
with the machine.” 

It has not always been remembered that 
in the specification of his 1769 patent, Watt 
included the following words: “I intend 
in many cases to employ the expansive 
force of steam to press on the pistons, or 
whatever may be used instead of them, in 
the same manner as the pressure of the 
atmosphere is now employed in common 
fire-engines. In cases where cold water 
cannot be had in plenty, the engines may 
be wrought by this force of steam, only 
by discharging the steam into the open 
air after it has done its office.” When Watt 
wrote these words into his specification, 
Jonathan Carter Hornblower was a boy 
of sixteen, Arthur Woolf was three and 
Richard Trevithick was not yet born. Not- 
withstanding the efforts of such as Trevithick, 
Woolf, Evans, Perkins and others, more 
than half-a-century was to elapse after the 
death of Watt before a really substantial rise in 
working steam pressure became general. 
Indeed, the prescience and courage of 
Trevithick and Woolf is the.more manifest 
when we read some remarks (quoted by 
Trevithick’s son, Francis) made by Sir 
William Fairbairn who, speaking in Man- 
chester during March, 1872, informed the 
Manchester Steam Users’ Association that 
“* He had become convinced that in case we 
were ever to attain a large economy of fuel 
in the use of steam, it must be at greatly- 
increased pressure, and at a rate of expansion 
greatly enlarged from what it was at present. 
Already steam users had effected a saving 
of one-half the coal consumed by raising 
the pressure from 7 Ib and 10 lb—the pressure 
at which engines were worked forty%years 
ago—to 50 Ib, or in some cases as high as 
70 Ib on the square inch.” Arthur Woolf 
had gone a long way, seventy years earlier, 
both on the engine and the boiler side, though 
it is true that his externally fired cast-iron 
sectional steam generator caused him and 
his clients a lot of trouble and was replaced, 
in Cornwall, by the Cornish boiler. Never- 
theless Woolf’s boiler was the immediate 
ancestor of the “Elephant” or French 
boiler and thus a forerunner of the modern 
water-tube boiler. It may most likely have 
been at Meux’s brewery that Richard 
Trevithick first saw Woolf’s boiler and 
remarked that “‘ Woolf put his: boiler into 
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the fire whereas I put my fire into the boiler.” 
It must have been just about this time (1803) 
that the boiler of one of Trevithick’s engines 
exploded (at Greenwich), an accident the 
propaganda value of which was not lost on 
the advocates of low-pressure working. 
Francis Trevithick has related how Captain 
Samuel Grose described an occasion when, 
upon returning from London to Cornwall 
about 1810 or 1811, Richard Trevithick 
had employed him (Grose) to look after the 
erection of the high-pressure engine at 
Wheal Prosper. ‘‘ Oats, Captain Trevithick’s 
head boiler-maker, was constructing the 
boilers : Woolf came into the yard and 
examined them. ‘ What do’st thee want 
here ?’ asked Oats. ‘ D-n thee, I’ll soon 
make boilers that shall turn thee out of a 
job !’ was Woolf’s reply.” We can hardly 
doubt that he visualised a time when the 
weight of water contained in the boiler 
would be drastically reduced and much of 
the hand-work then involved in its fabrica- 
tion dispensed with. 

An interesting episode in Woolf’s sojourn 
in London is disclosed by references to the 
steam-driven road carriage developed and 
patented (1802) by Richard Trevithick and 
Andrew Vivian. The body parts of this 
historic carriage were built by William 
Felton, whose coach-making establishment 
was in Leather Lane, Holborn. Searches 
in Holden’s Directory for 1802-1804 have 
shown that Felton’s place of business as a 
coach-maker was at No. 36, Leather Lane, 
and reference to Horwood’s map (1799) gives 
the position of No. 36 as on the east side of 
Leather Lane between St. Cross Street and 
Hatton Wall. The actual site lies in the 
badly blitzed area adjacent to “ The King ” 
public house at the corner of St. Cross Street. 
Felton’s shop was thus within about two 
minutes’ walk from Meux’s brewery in 
Liquorpond Street, and he may quite likely 
have worked for members of the Meux 
family particularly as Holden’s Directory 
(“ Private Life List ’’) for 1802-1804 has the 
following entries :— 


Henry Meux Esq., 51, Leather Lane, 
Holborn 

Richard Meux Esq., 27, Bloomsbury 
Square 

Thomas Meux Esq., Liquorpond 
Street. 


We know that in 1803 Trevithick’s steam- 
driven road-carriage was exhibited in London 
and in a letter dated 1845 Captain H. Vivian 
(son of Richard Trevithick’s co-patentee) 
states that his father himself worked the 
steam road carriage when it was exhibited 
in London during 1803. It ran from Mr. 
Felton’s shop in Leather Lane “ through 
Liquorpond Street, into Gray’s Inn Lane, 
by Lord’s Cricket Ground, to Paddington 
and Islington, and back to Leather Lane.” 
Quoting this letterin his Life of Richard 
Trevithick, Francis Trevithick adds an extract 
from a further letter which relates how 
** Captain John Vivian, H.M.P.S., was, about 
the middle of 1803, on board his uncle’s vessel 
in London, and often went to see the steam- 
carriage putting together at a coach-builder’s 
shop in Leather Lane. Captain Trevithick and 
Captain Andrew Vivian were there, and Mr. 
William West was the principal man in 
putting the engine together. Mr. Arthur 
Woolf frequently came in, he being engaged 
close by as an engineer in Meux’s brewery.” 
This clear confirmation as to the site of the 
brewery at which Woolf was employed makes 
it the more singular that the story of his 
working at a similar establishment in Totten- 
ham Court Road should have become current. 


‘It also enhances the interest attaching to the 


region round about the corner of Clerkenwell 
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Roadand Leather Lane, since it was here, more 
than a century and a half ago, that the London 
public saw, for the first time, a self-propelled 
road vehicle. We read that the steam road 
carriage “‘ passed through Oxford Street 
at a good pace amid cheers and waving of 
handkerchifs.”” Felton’s carriage—placed 
over the engine and boiler between the large 
driving wheels—had accommodation for six 
or eight persons and was supported on springs 
from the engine framing, which was of 
wrought iron. 

As to Woolf’s personal attributes we 
certainly gather that he was what Grose 
called *“‘A roughish man.” Doubtless the 
most authentic account of him is the one 
given by Mr. John Taylor : 

“He made many valuable alterations in 
the details (of the single-cylinder engine), 
among which may be mentioned the re- 
modelling of Hornblower’s double-beat valve 
into the present improved form, introduced a 
style of manufacture greatly superior to any 
that had before been known in the county 
(Cornwall), and formed in fact a new school 
of engineering there. Many of the principal 
engineers at present practising in Cornwall 
were his pupils. He seemed to possess an 
almost inexhaustible mine of invention. His 
improvements in detail were almost innumer- 
able, for scarcely a single part of the engine 
could be named, however apparently unim- 
portant, which did not receive some.beneficial 
alteration at his hands. His talent at con- 
triving tools was very great, and he seemed to 
have almost an intuitive perception of the 
best methods of performing operations and 
processes of all kinds. But notwithstanding 
his great merit, Woolf, by a peculiar uncon- 
ciliating temperament and disposition, could 
not keep on good terms with the miners. 
About 1832 he left the county and retired 
to one of the Channel Islands, where he died 
in 1837. He was, however, after quitting 
Cornwall, allowed a pension for life from the 
Consolidated Mines, where he had been 
engineer, and had constructed the first 
engines which had cylinders of 90 inches 
diameter, with a 10-feet stroke of the piston.” 

The above particulars were communicated 
to Dr. Pole sometime prior to 1844, possibly 
before 1841 and coming from Mr. Taylor 
have the authenticity which can be expected 
to stamp the recollection of one who was 
greatly interested in Woolf’s welfare “ and 
was, during the whole of his career, one of 
his best friends and supporters.” 

Francis Trevithick—who had been among 
Woolf’s pupils at Harvey’s engine factory, 
Hayle—mentions that Woolf’s brother— 
serving under an assumed name—was in- 
volved in the mutiny at the Nore in 1797. 
The same writer also quotes Samuel Grose as 
having recorded the following rich anecdote : 
** When his brother Henry mutinied at the 
Nore, Woolf, who was then working an 
engine in Meux’s brewery, and had married 
the lady’s maid,. made interest with his 
employer to save Henry from being hanged 
at the yard-arm and afterwards found employ 
for him in Cornwall. He was but a clumsy 
mechanic: Woolf used to blow him up by 
saying : “D—n thee, I wish I'd left thee to 
be hanged !’” As for Richard Trevithick, 
it seems clear that he did not like Woolf. 
Writing in 1816 on the subject of his “ puffer ” 
engine at Herland, he remarks that “‘ Every 
person that has seen it, except Joseph Price, 
A. Vivian, Woolf, and a few other such like 
beasts, agrees that it is by far the best engine 
ever erected.” Elsewhere he describes him 
as “‘ a shabby fellow,” and it must be allowed 
that Woolf does not appear to have endeared 
himself to his contemporaries. Rhys Jenkins 
remarks that Woolf ‘ made his way in Corn- 
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wall in spite of personal defects, for he was 
said to be a most ill-tempered and disagree- 
able man.” 

Woolf must, of course, be judged not on 
his temperament, but on his achievements 
as an engineer, and these place him among 
the outstanding pioneers of the reciprocating 
steam engine. Apart from other work to 
which reference has been made, Woolf is 
entitled to the highest praise for his success 
in the field of the Cornish engine and par- 
ticularly—as maintained by Rhys Jenkins— 
for teaching the Cornish engineers that 
“* large engines could be built to work with 
high-pressure steam and condensation, and 
built to work successfully in continuous 
operation.”’ Since it is now possible to iocate 
with accuracy the. sites whereon he laboured 
when alive in London a century and a half 
ago, possibly some support would be forth- 
coming for the suggestion that suitable 
plaques be fixed to those walls in Pine Street 
and in Clerkenwell Road which stand 
adjacent to spots where he is known to have 
lived and worked. - It seems strange that 
whereas a great variety of scientists, men of 
letters, architects, musicians, clockmakers, 
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politicians, &c., are thus (and deservedly) 
honoured, there appear to be no plaques 
in London commemorating the sites aggo, 
ciated with famous mechanical engineers 
Indeed, Newcomen, Trevithick and Syming. 
ton are all buried in or near London jp 
unmarked graves. How appropriate, jt 
seems, would be a plaque in Pine Street 
Finsbury, stating simply that “ In a house on 
this site lived Arthur Woolf, Engine Maker.” 
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Simple Torquemeter 


By S. K. DEAN, A.M.I.Mech.E., and M. A. KILBURN. 


There is a continuing demand for a simple to install, robust, cheap and accurate 

means of measuring constant and variable torques in a rotating shaft. Many 

devices have been developed in the past, but nearly all suffer from complexity, 

delicacy or, as in the case of strain gauges, from the difficulties associated with 

the use of slip rings. A simple torquemeter involving the use of a photo-electric cell 

has been developed by the British Iron and Steel Research Association, with 
the object of meeting as many of the above requirements as possible. 


T is well known that when a shaft is sub- 

ject to a torsion moment, it undergoes 
a torsional strain which, during the elastic 
portion of the stress strain relationship, 
is proportional to the moment applied. 
This relationship is commonly made use of 
in torquemeters, a direct measurement of 
the angle of twist of the shaft giving a 
measure of the torque applied. The present 
instrument (Fig. 3) consists essentially of 
two metal discs which have radial slots 
round the periphery. These discs are mounted 
on sleeves which are attached to the shaft 
at a fixed distance apart and rotate with it. 
A stationary light beam parallel to the shaft 
passes through the slots on to a stationary 
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photo-cell. The quantity of light reaching 
the cell depends on the relative alignment of 
the slots of the two discs and when torque 
is applied to the shaft one disc moves through 
an angle 9 relative to the other, changing 
the quantity of light passing through to the 
cell. Thus a direct measure of the angle 
of twist is obtained. 

The advantages of a system of this kind 
are that it is essentially simple and there is 
no contact between the rotating and station- 
ary parts. In addition the rotating part is 
axially symmetrical and thus introduces no 
balancing problems. The model shown in 
Fig. 3 was made for a lin diameter 
shaft. It consists of two sleeves which fit 
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Fig. 1—Torquemeter optical system using a single lens. The triangular mask over the photo-cell 
aperture prevents flicker 
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Fig. 2—Torquemeter optical system 
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joosely around the shaft and are clamped 
to the shaft at their outer ends by three 

inted set-screws. The distance between 
the set-screws is the gauge length of the torque- 
meter. A portion of one sleeve fits over the 
other to keep them in line. A collar fits in a 

cove around the outer sleeve and is held 
tangentially by the two adjusting screws. 
‘One disc is fitted to the collar and the other 
to the inner sleeve. Some difficulty was at 
first experienced in deciding how best to 
make the slotted discs. Engraving on glass or 
“Perspex” appeared to offer a simple solution 
but this was expensive. Eventually it was 
decided to use the laminations stamped for 
the armature of an electric motor, as these 
cost very little, and a wide variety of sizes 
are available. 

The ones finally chosen are of 26 gauge, 
are 84in in diameter and have eighty-five slots. 
The sleeves and the collar were made in 
halves to allow assembly around the shaft. 
The parallel light beam is provided by a 
12V 36 watt lamp energised from NIFE cells 
and a plano-convex lens—Fig. 1. The 
quantity of light pass- 
ing through the slots 
is measured by a sele- 
nium layer photo-cell. 
The cell is connected 
across a potential 
divider from which the 
signal is fed through a 
d.c. amplifier to a mov- 
ing coil oscillograph. 










Sleeves 


required the signal 
from the _ potential 
divider is fed to a 
galvanometer without 
amplification. 

To prevent flicker as 
the number of bars 
of light illuminating 
the photo-cell vary with 
rotation of the discs 
a triangular shaped 
mask, Fig. 1, is fitted 
over the photo-cell 
with an aperture of 
full width at the centre 
tapering to points at Fig, 
the ends. The total the slots 
length of aperture 
should be a multiple of 
the pitch of the slots. When the torque- 
meter was first assembled there was a varia- 
tion in output from the cell as the shaft was 
rotated without tor ue, due to eccentricity 
of mounting of the discs and inaccuracies of 
the slots. This was readily rectified by adding 
a thin layer of cellulose paint to the edges of 
the teeth which were in the light-beam when 
the signal was too high. 

With the present optical arrangement any 
portion of the photo-cell is illuminated at a 
frequency equal to the product of the speed 
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of the discs and the number of slots in a disc. 
The attenuation of the output from a 
selenium layer photo-cell is negligible up 
to frequencies of 1000 c/s, so with 
eighty-five slots speeds up to 700 r.p.m. 
can be used. This limitation can be eliminated 
by the use of a second plano-convex lens to 
focus the light to one small area of the photo- 
cell—see Fig. 2. The selenium layer cell 
can be replaced by a photo-emissive cell 
which will respond to sinusoidal light inputs 
up to 10,000 c/s with negligible attenuation. 

Although a 12V tungsten filament lamp 
supplied from NIFE cells was satisfactory, 
a d.c. supply from a rectifier connected to 


Tooth width at centre 85 Parallel Slots 
5/324 %q" wide 
ay | a 














SECTION A.A. 
SHOWING SLOT 
FORMATION. 


Disc diameter 81/2 “ 
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bp ay mye disc assembly. The quantity of light passing through 
in the discs from a source to a light cell alters 
angular displacement of one disc relative to the other 


according to the 


mains may be more desirable for some appli- 
cations. This practice is well established in 
cinema sound reproduction equipment. If 
the effect of change in lamp output is feared 
a null system using a monitor cell could be 
used. Obviously greater output can be ob- 
tained by using more than one optical 
unit. 

The shaft was mounted in two self- 
aligning ball bearing plummer blocks, one on 
each side of the torquemeter. One end was 
connected by vee belt drive to a 20 hp. 
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squirrel cage motor and a belt brake was 
fitted at the other. Traces were recorded 


‘with several brake loads at a shaft speed of 


488 r.p.m. and the trace displacement plotted 
against torque gave a linear relationship up 
to the capacity of the brake (80 lb-ft 
which corresponds to an angle of twist of 
0-24 deg. over the gauge length. 

Fig. 4 shows traces obtained when the 
motor was started from rest with the belt 
removed from the brake wheel. In the first 
case—Fig. 4(a)—the motor was started by 
connecting it in star to the supply and in 
the second case—Fig. 4(b)—it was connected 
directly in delta. A speed signal from a 
tacho-generator and 7/,;th second time 
markers were recorded over the torque 
traces. The shaft reaches the same 
final speed of 488 r.p.m. in both tests. 
Neglecting bearing friction and windage the 
angular impulse given to the flywheel, the 
tacho-generator armature and portion of 
the shaft equals their final angular momentum. 


> of 
That is f Mdt=Jw where M is the torque 
o 


in the shaft at any instant ¢ ; T is the time 
to reach the final angular velocity # ; and 
J is the polar moment of inertia of the fly- 
wheel, the tacho-generator armature and 
portion of the shaft. Since J and are the 
same for both cases then the value of the 
integral is the same. As this is the area under 
the torque-time curve, a comparison of the 
areas under the two traces affords a check 
on the performance of the torquemeter. 
The areas as measured by a planimeter were 
2-06 and 2-10 square inches for Figs. 4(a) 
and 4(5) respectively. The value of J was 
calculated from the traces to be 32-5 Ib-ft.” 

The oscillations in the trace after the final 
speed was reached were caused partly by 
fluctuating torque in the shaft as in- 
dicated by some corresponding fluctuations 
in the speed trace, partly by “ noise ” intro- 
duced by the recording equipment, and also 
by inaccuracies in the discs and mountings. 

The advantages of a simple instrument such 
as this appear to be manifold. Without 
further elaboration an accuracy of only 
about +2 per cent is claimed, but the instru- 
ment is such as can be easily made by any 
laboratory workshop. For the measurement 
of average torque in a shaft no special 
indicating equipment is required, the output 
from the photo-cell can be read on a micro- 
ammeter. As has been shown in Fig. 4 
with transient recording equipment, variations 
in torque within a cycle can be seen. 

Since this work was carried out it has been 
found that a similar type of instrument has 
been developed at the Technischen Hochschule 
Braunsweig for recording the torque character- 
istics of squirrel cage induction motors ; this 
is reported in Elektrotechnische Zeitschrift 
(Ausgabe A) 1954, Ver=#6; May, pages 327- 
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Time markers every one-twenty-fifth second, shaft diameter lin, flywheel polar moment of inertia 32-5 Ib-square foot. 


Fig. 4—Oscillograph traces of shaft torque and flywheel speed when squirrel cage driving motor was started (a) in star, (6) in delta 
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The 1955 Motor Show 


No. IlI—{ Concluded from page 651, November 4th ) 


WE conclude our description of the 1955 
Motor Show at Earls Court by making a 
brief survey of accessories, some of which were 
incorporated in the construction of the latest 
British models. As mentioned earlier in this 
report, much attention is being paid, particu- 
larly in France, to facilitating clutch and gear 
change operation by means of comparatively 
simple and inexpensive devices. In this respect 
the electromagnetic, or flywheel clutch, is defi- 
nitely a step in the right direction, though the 
efficiency of this system depends to some extent 
on the skill of the driver and on the reliable 
working of the synchronising mechanism within 
the gearbox. This problem has been overcome 
at the expense of some complication by the 
Lockheed “‘ Manumatic ” transmission system of 
Automotive Products Company, Ltd., which is 
now standard equipment of the new Armstrong 
Siddeley “‘ Sapphire 236.’ As this system was 
first shown to the public at the London Motor 
Show, 1952, and has been fully described in 
THE ENGINEER of November 14, 1952, it will be 
sufficient to recall that it has a speed control, 
added to the vacuum servos, which ensures that 
gear changes cannot be effected at other than 


Fig. 13—Assembly and hydraulic cylinder of Lockheed 
** Brakemaster ”’ front wheel unit 


the correct engine speed. One of the latest 
refinements of the “ Manumatic”’ transmission 
ensures that withdrawal of the clutch always 
takes place rapidly, while the rate of re-engage- 
ment depends upon the degree of throttle open- 
ing. As the fully automatic drive will hardly be 
applicable for medium-sized British cars, it 
might well happen that this or a similar system 
of two-pedal control will gradually come into 
more general use. 

A development which is being regarded with 
some surprise by Continental observers is the 
growing use in this country of the overdrive. 
Although the long, straight and level roads on 
the Continent would actually favour the employ- 
ment of overdrive gears, they are only used as 
an additional high gear ratio in the indirect 
gearboxes of front-wheel drive or rear-engined 
cars. The overdrive gear, as used in British 
cars, basically consists of a train of epicyclic 
gears which is housed in a separate casing 


between the main gearbox and the propeller 
shaft. It is generally designed to give a trans- 
mission ratio of about 0-7: 1. The intake shaft 
of the overdrive gear is solidly coupled to the 
output shaft of the main box and drives the 
planet carrier of the epicyclic gear train. The 
annulus is attached to the output shaft, while the 
sun wheel is free to rotate on the input shaft. 

In direct drive the torque passes to the planet 
carrier and the whole gear train rotates in unison, 
no relative motion taking place between the sun 
wheel and the annulus. In overdrive the sun 
wheel is held stationary and the planet carrier, 
rotating around the fixed sun wheel, drives the 
annulus at an increased speed. 

In the British designed Laycock-de Norman- 
ville overdrive unit, built by the Laycock 
Engineering, Ltd., the sunwheel is locked by a 
cone clutch which is shifted by hydraulic pressure 
in the axial direction to engage with a conical 
brake ring built into the main casing. The 
hydraulic pressure is generated by a plunger-type 
oil pump, operated by a cam from the input 
shaft, and is stored in a spring-loaded accumu- 
lator. The opening of a valve, either by manual 
remote control or by some linkage to the accelera- 
tor pedal, releases oil from the accumulator which 
activates the cone clutch, thereby bringing the 
sun wheel to a gradual stop. The withdrawal 
of the clutch is effected by springs when’ the oil 
pressure is released. 

Another overdrive now being made in this 
country is the American-designed Borg-Warner 
gear described on September 23rd last, page 449. 
Though basically similar to the Laycock over- 
drive, it differs from the latter by the method in 
which the up-and-down gear changes are effected. 
No friction brakes are used, but in overdrive 
the sun wheel is locked against rotation by a 
solenoid-operated pawl. A centrifugal governor, 
operated from the speedometer drive, energises 
the solenoid at a road speed of about 25 m.p.h. 
The pawl, however, cannot engage the over- 
drive as long as the driver continues to keep even 
a light pressure on the accelerator pedal, because 
a baulk-ring synchroniser prevents the pawl from 
making contact with the stop-plate of the sun 
wheel. A release of the accelerator pressure and 
a consequent fall of the engine speed will cause a 
slowing-down and, eventually, a temporary stop 
of the sun wheel ; in this condition the baulk- 
ting releases the pawl, which can then move 
into engagement with the virtually stationary 
sun wheel stop-plate, thereby locking the latter 
and engaging the overdrive. If the road speed 
drops to about 20 m.p.h., the centrifugal governor 
breaks the electric circuit to the solenoid and a 
spring draws the pawl out of engagement with 
the stop-plate, allowing direct-drive through the 
free wheel. 

The overdrive gear was originally designed to 
be used as an additional noiseless top gear for 
fast cars with the purpose of preventing the 
engine from running at high speeds under 
conditions of light load, i.e. in an uneconomical 
load range. Modern practice, however, favours 
the use of the overdrive also in the intermediate 
gears, thereby taking advantage of its easy 
engagement to increase the number of usable 
gear ratios. It appears that this latter method 
should be discouraged as being a very expensive 
device to correct the deficiencies of a wide- 
stepped gearbox or compensate for the missing 
torque, in the low speed range, of an under- 
sized engine. Judiciously used, the overdrive 
can effect a saving of fuel and a reduction of 
engine noise and cylinder wear. 

With the increased speed of modern cars, 
more attention has been paid by designers and 
manufacturers to incorporate in contemporary 
brake arrangements the highest possible stability 
with maximum retarding power and fade resist- 
ance. The disc brake has been evolved from the 
experimental stage and could actually be adopted 
for private cars, but is not yet in general use. 
At the stand of Girling, several examples of disc 
brakes of improved design could be seen. The 
former circular friction pads have been replaced 
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by segmental ones of substantial thickness bonded 
on to steel plates. It is claimed that the life of 
the friction pads now compares very favourably 
with the linings of conventional brake shoes, 
Because of the absence of any self-energising 
properties disc brakes, however, require some 
servo mechanism and it seems that, for the time 
being, their application is justified only on the 
heaviest and fastest cars and on commercia! and 
public service vehicles. ‘ 

Brakes of two-leading-shoe design are still 
widely used for small and medium-sized cars, 
This kind of brake, however, is rather sensitive 
to frictional changes of the brake linings and 
there is a definite tendency to employ, for high 
performance cars, brakes with a lower factor of 
self-activation, such as, for instance, the two- 
trailing-shoe brake. The Lockheed Hydraulic 
Brake Company, Ltd., has designed a brake of an 
improved leading-and-trailing-shoe type for 
power operation. The brake does not require 
an excessive amount of servo assistance and the 
important property of balancing the efforts and 
thus equalising wear on the two shoes is retained 
on the front brake, shown in Fig. 13. This 
has been achieved by employing a single wheel 
cylinder with pistons of different areas so that 
the lower factor of the trailing shoe has been 
compensated by a proportionate increase in the 
shoe tip effort, by means of the larger area of 
the piston ;_ the shoe tip efforts are in inverse 
proportion to the factor of each individual shoe, 
A further improvement is the provision of 


Fig. 14—Thompson ball joints applied to a wishbone 
, front suspension 


fully automatic adjustment for lining wear on 
both front and rear brakes : the travel on each 
application is little more than the expansion of 
the drum from cold to its highest working 
temperatures. The servo unit is designed for 
installation in the hydraulic braking system 
between the master cylinder and the wheel 
cylinders, the servo energy being obtained from a 
piston actuated by the vacuum in the engine 
induction manifold. 

Power assisted steering mechanisms for use in 
private cars were demonstrated at the stands 
of Girling, Lockheed and Clayton-Dewandre 
Company, Ltd. The basic conception of all 
these power steering units is similar to that used 
in commercial vehicles and public service 
vehicles and has already been briefly described in 
THE ENGINEER of October 8, 1954, on the occasion 
of last year’s Commercial Motor Show. How- 
ever, while the operating conditions of medium 
and heavy weight trucks and buses might vary 
considerably and favour the application of one 
or the other power-steering systems using 
either compressed air or hydraulic power (the 
latter with or without accumulator), the design 
of power-steering units for motor-cars follows 
more uniform lines. In accordance with Ameri- 
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can practice, the most commonly used system 
employs an engine-driven gear or vane 
hydraulic pump, a constant-flow valve, a hydrau- 
lic servo cylinder—arranged somewhere between 
the steering-box and the steered front wheels— 
and a control valve, actuated from the steering 
shaft or the drop arm. The unit is always 
installed so that, should the hydraulic pressure 
fail through stalling of the engine, normal manual 
steering is still retained. 

The Girling power-assisted steering unit, 
which is now offered as optional equipment for 
the bigger models of the latest Armstrong- 
Siddeley ‘‘ Sapphire ’’ range, follows the above- 
mentioned pattern (Fig. 15). It has a double- 
acting servo cylinder, designed for connection 
to the steering linkage at the point of maximum 
movement between the steering box and the stub 
axles. The piston rod of the cylinder is 
attached at its free end to the body structure ; 
it remains stationary while the cylinder itself, 
linked to the drop arm of the steering box, 
travels relative to the chassis, together with the 
two connected track rods. Interposed between 
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and, therefore, to vary the degree of power 
assistance. It also allows cutting off the power 
assistance altogether, a procedure sometimes 
adopted by drivers who at high road speed prefer 
a steering of less sensitivity and firmer “‘ feel.” 

At the stand of Automotive Products Company, 
Ltd., there was shown a new design of suspension 
joints, developed by the manufacturers of the 
well-known Thompson self-adjusting steering- 
rod assemblies. They are applicable to front 
suspensions with double wishbones, as in Fig. 
14, providing that springs and dampers are 
bearing upon the lower links. The vertical loads 
are almost entirely carried by thee bottom joint 
which is fitted with a ball thrust bearing, while 
the small and mainly horizontal components of 
the load at the top are taken by a ball-and-socket 
joint. The joints are grease lubricated and sealed 
against the ingress of dirt by moulded neoprene 
sponges. As the steering and suspension move- 
ments are accommodated on widely spaced 
pivots, the resultant loads are reduced and so 
are the number of lubrication points. 

We conclude our article with a short survey of 
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An axial load on the drop arm ball joint A in excess of the centring effort of spring B moves the valve block C and directs incoming oil into one of the 
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suddenly. Introduced two years ago in U.S.A., 
they are now made by most of the big British 
tyre manufacturers such as Dunlop, Firestone, 
Goodyear, and others, and are already available 
as standard equipment for some of the 1956 
British cars. 

All tubeless tyres are similar in design in as far 
as the air is sealed between the tyre cover and 
the wheel rim, thus eliminating the need for an 
inner tube. The cover is suitably lined, as an 
ordinary cover would not retain the air, and 
rubber sealing rings are interposed between the 
beads and the flanges of the wheel rims. Apart 
from the saving of weight, the tubeless tyres are 
less vulnerable to punctures than the current 
tyres. Whereas the inflated inner tube is always 
under tension, and any hole caused by puncture 
is liable to become bigger than the puncturing 
object, the interior lining of the tubeless cover is 
in compression and tends to seal around the 
puncturing object. The tread wear of tubeless 
tyres is smaller as the air temperature inside the 
tyre is considerably reduced, in consequence of 
the absence of friction between cover and inner 


Ball Joint 


oad © . ‘ooves D. The oil passes 
through drillings in the valve to the reaction cell E at the opposite end of the valve and thence into the cylinder F, displacing the piston G. Oil from the far side of the piston enters the other 
reaction ‘cell E, the difference in pressure due to the thrust exerted by the piston-rod against the chassis at H acting to centralise the valve and increase the’ force on the drop arm. Oil 
leaves the valves through the annuli J. 


Fig. 15—Essentials of the Girling power-assisted steering ram and valve 


the drop arm and the servo cylinder is the con- 
trol valve, housed in a casing located on the 
cylinder and connected with the fluid circuit by 
flexible piping. This valve is spring-loaded and 
comes into operation when the resistance of the 
steering linkage exceeds an effort applied to the 
rim of the steering wheel of a preset value. A 
resistance of slightly more than 75 Ib, equivalent 
to an effort of 3-5 Ib at the rim of the steering 
wheel (according to the steering box ratio) 
actuates the valve, thereby admitting fluid 
pressure to one side or the other of the double- 
acting cylinder. Unless the effort at the wheel 
rim exceeds the predetermined value, power 
steering does not come into operation, and the 
steering is unassisted. The latter condition will 
usually occur when travelling straight ahead, 
in which case only a low manual effort is required 
to effect the necessary small corrections. 

The control valve is of the normal bobbin 
type, kept in the neutral position by a preloaded 
single spring with double abutments, ensuring 
identical effects in both directions of travel. 
The movement of the valve is very small, so 
that any backlash in the steering wheel is hardly 
noticeable, and the preloading of the spring is 
just sufficient to give the necessary “ feel” 
in the steering. The.valve is “ reactive,” 
ie. the build-up of pressure in the power 
circuit demands increased manual effort at the 
steering wheel rim to balance the reaction of the 
fluid pressure on the control valve. An input 
effort at the drop arm above 75 Ib gives, due 
to the hydraulic servo action, an output effort 
at the steering linkage of about 380 lb—a ratio of 
5-1: 1—until for an input of 210 Ib (or 14 Ib 
at the steering wheel rim) an output effort of 
1075 Ib is obtained. This figure represents the 
limit of power assistance attainable, so that 
beyond this point any additional output will be 
directly proportional to the additional manual 
effort applied to the steering wheel. 

_ It should be mentioned that the Girling steer- 
ing unit as fitted in the Armstrong-Siddeley 
“Sapphire” is equipped with an additional 
valve which, controlled from the instrument 
board, acts to regulate the flow in the circuit 


motor-car. tyres, a subject which, since the 
recent introduction in this country of tubeless 
tyres, has received a great deal of public interest. 
It is obvious that the evolution of car design, 
with higher speeds, smaller wheels, improved 
braking and faster cornering, together with the 
increased use of abrasive “ non-skid” road 
surfaces, has accentuated the problem of rapid 
tread wear. Tread compounds have been 
improved to give greater resistance to wear, and 
the quantity of tread rubber has been increased 
by building wider and thicker treads. Further, 
tread patterns have been developed which com- 
bine firm grip, resistance to skidding and notable 
absence from “droning” and “ squealing” 
noise with tread lives far in excess of 20,000 miles. 
A valuable contribution towards greater safety 
are tubeless tyres which are unlikely to blow out 





Fig. 16—Michelin ‘‘ X ’? tyres have three layers of 
steel wire within the tread 


tube and of the improved heat transfer to the 
cooled wheel rim. It is claimed that tubeless 
tyres are more flexible, and that repairs are 
more easily effected than on ordinary tyres. 
Though experience with these tyres in this country 
is still limited, there is reason to believe that 
progress will be made in further reducing their 
vulnerability to punctures with the ultimate aim 
of dispensing with the spare wheel and tyre 
altogether. The resultant saving of valuable 
space in the luggage compartment would be 
appreciated by motorists and might even 
encourage the designer to consider the problem 
of rear engine mounting with less apprehension. 

A new approach to the design of tyres—so far 
confined to the orthodox tube-and-cover tyre— 
was shown by the Michelin Tyre Company, Ltd. 
(Fig. 16). The Michelin “X” tyre aims at 
isolating the respective functions of the casing 
and the tread, each from the other. For this 
purpose the casing cords are laid archwise from 
bead to bead and not on the bias as in ordinary 
tyres. The cords, therefore, are of the shortest 
possible length, giving the casing a high degree 
of vertical flexibility. The tread, on the other 
hand, has been given considerable resistance to 
lateral distortion by three layers of steel cords, 
arranged at different angles in each layer, placed 
at the base of the tread. This combination of a 
very flexible casing and a laterally stabilised 
tread accounts for the favourable road behaviour 
of the tyre. In ordinary tyres, crown distortion 
tends to close up the tread pattern when it is in 
contact with the road surface, thus depriving the 
tread of some of its “ grip.” As the stabilised 
tread of the “‘ X ”’ tyre is not forced out of shape 
under load to the same extent, the tread pattern 
remains open, thus maintaining a more uniform 
intensity of loading over the whole contact area ; 
further, the flexible side walls reduce bounce, 
thereby ensuring a more continuous contact 
with the road surface and, consequently, better 
non-skid properties. It is also claimed that the 
reduced distortion of the tread ensures a cor- 
respondingly reduced slip angle so that the car 
is. less sensitive to side forces due to wind, road 
camber and cornering. 





690 


Germanium and Silicon Power 
Rectifiers 
By T. H. KINMAN, G. A. CARRICK, R. G. HIBBERD7and 
A. J. BLUNDELL* 

The development of germanium and silicon power 
rectifiers provides the theme of a paper presented 
before the Institution of Electrical Engineers on 
November 10th. This paper describes steps in the 
production of these rectifiers, the methods of 
rating them and the electrical tests applied to 
low-, medium- and high-power units. The following 
abstracts are taken mainly from the latter part 
of the paper, which is devoted to the high-power 
unit, rated up to 2kW. Typical germanium 
rectifier units are cited, including one of 1\3MW 
under construction. Reference is made to the 
possibilities of silicon, with its ability to work at 

much higher temperatures than germanium. 


A NEW type of rectifier has recently been 
developed in which the rectifying barrier is 
integral with the body of a semi-conductor, such 
as germanium or silicon, thus utilising the special 
properties of these elements and achieving extra- 
ordinarily high rectifying efficiencies and power 
handling capabilities. It is known as the p-n 
junction rectifier. This important development 
was the direct result of a renewed interest in semi- 
conductors following the successful use of the 
crystal valve in radar, where greater efficiency 
and other advantages led to its use in place of the 
thermionic valve as a frequency converter for 
the reception of microwaves. 


THE p-n JUNCTION RECTIFIER 


Fig. 1(a) shows the section of a single crystal in 
which two regions are marked p and n to denote 
the presence of different impurity atoms, having 
one less and one more valence electron than the 
semi-conductor atoms respectively. The p region 
contains a number of acceptor atoms, called so 
because the missing electron constitutes a vacancy 
or positive hole in the crystal lattice, whereas in 
the n region the impurity atoms donate electrons 





+ # 
++ 

f pal et | 
OOO, 


+ 


‘OOOO 
'D'O'OO 


O® 


+ 
+ 


O® 


+ 
+ 
+ 


+ 
+ 


OOO 


SOOGSOO 
® 

® 

OO 





~~ 





+ 


ODODOOO 


he cae Ga Gwen am ea eme au ams ge on ol 











OODODOOOO 


EERE 








© Acceptor atom. 
— Electron. 


pF) Donor atom. 
Hole. 
(a) Static state. 


(6) Forward current connection. 
(c) Reverse current connection. 


Fig. 1—p-n junction rectifier 


and thus increase the number in the lattice. A 
junction is thus formed between the two regions, 
as indicated by the broken line. 

If now a circuit is completed through the 
rectifier, as shown in Fig. 1(b), current will flow 
in the forward direction as follows : free electrons 
from the n region will pass across the junction 
and combine with the positive holes, to be 
replaced by further holes flowing into the 


* The British Thomson-Houston Company, Ltd. 
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p region under the influence of the applied 
electric field. Simultaneously, holes from the 
p region pass across the junction and are mostly 
filled by electrons before reaching the base con- 
tact, since the m region will now be filled. with 
electrons flowing in from the external circuit.f 

When the polarity of the applied field is 
reversed, electrons in the n region and positive 
holes in the p region will move away from the 
junction, leaving the positive donor atoms and 
the negative acceptor atoms no longer surrounded 
by oppositely charged electrons and holes. The 
two regions on each side of the junction are 
therefore left with net positive and negative 
charges respectively, as illustrated in Fig. 1(c), 
much resembling the condition of a charged 
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(a) Grown. 
(b) Fused. 
Fig. 2—Types of p—n junction 


capacitor with a potential difference between its 
terminals. As the reverse potential is increased 
the electrons and holes will move further away 
from the junction, until the potential so produced 
is equal to the applied voltage, when the current 
almost ceases. 

The reverse current, however, is not quite zero, 
because of a phenomenon peculiar to all semi- 
conductors. The atoms in a crystal are in a 
state of thermal agitation which increases with 
temperature. This causes a simultaneous genera- 
tion of electrons and holes, and in the absence 
of an electric field these diffuse through the 
material until an electron encounters a hole and 
recombines. In relatively pure germanium the 
life of a generated hole is of the order of 2 milli- 
seconds. Consequently, the generation of these 
electron-hole pairs throughout the material and 
in the region of the junction, where a high- 
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after the physicist who first observed the effect, 

There are two types of p-n junction: one 
produced while growing a single crystal, by heat. 
treatment of the grown crystal, by nuclear 
bombardment or by a diffusion process,” and the 
other, developed later by Hall and Dunlap; 
called the fused junction, and formed by fusing 
one impurity element into one surface and 
another impurity element into the opposite 
surface of a thin wafer of single-crystal ger. 
manium or silicon and so producing a p and an 
n region separated by the junction. 

The essential structural difference between these 
two types of rectifier is illustrated in Fiz. 2, 
where Fig. 2(a) shows the grown type, and Fig, 
2(6) the fused type. Their electrical char.icter- 
istics differ significantly, and although boti: are 
highly efficient as rectifiers, the fused junction 
type permits of much higher current densities 
and is easier to make. Thus, the fused junction 
is at present the preferred type for power devices, 
but other methods of producing the junction may 
ultimately be used when further developed. 

[The authors then described the preparation 
and quality control of semi-conductor mate: als,] 


THE Basic UNIT 


The basic unit is illustrated in Fig. 2(5) and 
may be defined as an assembly common to all 
types of rectifier so far developed. The steps 
in its construction are as follows. 

In general, the semi-conductor will consist of 
a wafer of n-type material about 0-02in thick, 
with an area proportional to the current rating. 
The lower surface is soldered intimately to a base 
material having about the same coefficient of 
expansion as the wafer. The base connection 
must also provide low ohmic resistance and good 
thermal conductivity. 

For germanium, pure indium is a convenient 
acceptor element for fusing to the wafer. A 
pellet is applied to one surface and then fused 
in an inert atmosphere. As the oven temperature 
is increased to about 600 deg. Cent. the indium 
will dissolve germanium until a saturated 
solution is obtained. The amount of germanium 
dissolved will depend upon the volume of indium 
and the furnace temperature, suitable adjustment 
of these ensuring satisfactory control of the 
thickness of the nm region and hence of the 
forward characteristic—an essential requirement 
in production to ensure uniformity of character- 
istics for parallel operation. When fully saturated 
the indium will diffuse some small distance into 
the unmelted germanium, and will thus determine 
the concentration gradient at the junction.‘ 
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Fig. 3—Typical 50 c/s characteristics of germanium rectifiers at various ambient temperatures 


voltage gradient exists, will give rise to a small 


’ and constant reverse current, theoretically inde- 


pendent of the applied voltage but increasing 
rapidly with temperature ; very approximately 
it doubles itself for each 10 deg. Cent. rise. 
Breakdown in the reverse direction may be 
caused either by the increase of this saturation 
current with temperature, progressively stepping 
up the generation of current carriers, or by the 
voltage gradient becoming sufficiently great to 
tear electrons out of their orbits in the crystal 
structure. The voltage at which this occurs is 
known as Zener breakdown voltage, named 





+ Another explanation of the forward current in a fused- 
junction rectifier is given in an appendix to the paper (not repro- 
duced here). 


On cooling, the germanium will precipitate out 
of solution to form a rich p layer of heavily 
impregnated crystals. 

Etching the Basic Unit.—A shallow depression 
around the fused layer, as shown in Fig. 2(6), 
is formed by electrolytic etching after the p-n 
junction is made. This step removes traces of 
indium or other impurities which may bridge the 
junction on the surface. The junction area must 
then be protected from moisture and other foreign 
matter in the interval before final sealing in its 
container. 


TYPES OF FUSED p-n JUNCTION RECTIFIERS 


A number of experimental types were first 
made in 1951, and production units rated at 
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about 40W were available in 1952. Units with 
ratings of about 2kW were also developed, and 
these have now reached the production stage. 
ical characteristic .curyes are shown in 
Fig. 3, while Table I gives some operating and 
other data for the units produced early in 1955. 
Since many of the earlier types are now of 
historical interest and most production types 
differ only in detail, the essential features common 
to all types, regardless of rating, can best be 
described by reference to the sectional diagram 


TABLE I+-Types of Germanium Power Rectifiers 
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The inverse characteristics of the various types 
are also similar in form but differ in other 
respects. There are two parts of the inverse 
characteristic to be considered : the saturation 
region where the current is nearly constant with 
voltage but variable with temperature, and the 
breakdown region where a small increase in 
voltage produces a large increase in current. 
This inverse breakdown phenomenon depends 
upon the special properties of the semi-conductor 
correlated with inverse current and voltage.t 



































sme Mean load current 
| P te 

Type Power area of P.LV. Forward Fins Cooling 

rating junction at 35 deg. | at 55 deg. voltage drop 
Cent. Cent. 
Rating Square milli- | Volts Amp. | Amp. Volts 
metres : 
GMD | Low 1 100 0-25 0-1 0-5 at 0-2 amp. Without Natural 
GIIE 0:5 9-2 With 
cpp | Low 1 200 0-25 | O-1 0-5 at0-2amp. | Without Natural 
GRE 0-5 0-2 With 
Low 1 300 0-25 | O-1 0-5 at0-2amp. | Without | ~ Natural 
or a ae | With 
GNF | Medium 10 50 5 2°5 0-5 at 3-5 amp. With Natural 
GJ2F Medium 10 100 5 2°5 0-5 at 3-5 amp. With Natural 
GJ3F Medium 10 150 5 | 2-5 0-5 at 3-5 amp. With Natural 
GI4F Medium 10 200 5 |} 2-5 0-5 at 3-5 amp. With Natural 
| “4 | 

GPIB High | 20 100 20 - 0-S at 60 amp. With Natural 
GP2B High 20 200 20 - 0-5 at 60 amp. With Natural 
GPIC High 64 25 60 - 0-5 at 100 amp. With air 
GP2C High 64 50 55 _ 0-5 at 100 amp. With 1000ft per 
GP3C High 64 100 50 - 0-5 at 100 amp. With minute 


Fig. 4(a). This construction’ is designed primarily 
for natural or forced air cooling when suitably 
mounted on some heat-radiating structure (not 
shown). The metal container is hermetically 
sealed to the base and all seals must withstand 
prolonged periods of tropical test. The terminal 
connections must not strain the rectifier mech- 
anically, and the temperature difference’ between 
the p-n junction and the heat radiator attached 
to the base must be as small as possible. Fig. 4(b) 
shows a type of flexible connection which facili- 














(b) 
1. Base. 6. Insulator. 
2. Germanium wafer. 7. Upper terminal. 
3. Indium, 8. Crimp. 
4. Copper electrode. 9. Hermetic seal. 
5. Metal body. 10. Flexible connection. 


a) Normal connection. 
6) Alternative connection. 


Fig. 4—Section of rectifier assembly 


tates the assembly and exerts no mechanical 
strain on the rectifier. 

Germanium Rectifiers —Three types of rectifier 
are identified in Table I under the headings 
low, medium and high power respectively. Other 
parameters and the cooling means which deter- 
mine the rating are also given. Each type has a 
number of grades corresponding to different peak 
inverse voltages (p.i.v.) and the two similar low- 
power types differ only in the manner of con- 
struction. 

_In all types the low voltage drop in the forward 
direction is a common feature and does not 
change for different grades in a given rating, nor 
appreciably with change of temperature over the 
working range. 





Another common feature is the hole storage 
effect, which sets an upper limit to the frequency 
which can be used with germanium and silicon 
devices. However, in power rectifiers this limita- 
tion is not so important as the transient voltages 
which may occur under some operating conditions 
at normal supply frequencies.® 

Silicon Rectifiers.—Since the effect of thermal 
agitation on the electrons in silicon is less than 
in germanium, because of certain physical 
differences between them, the reverse current is 
very much smaller for a given temperature, and 
therefore it has not the same limitation when 
operating at high ambient temperatures. 
Although one of the common elements, silicon 
presents a greater problem in its production in 
the refined state required, because of its higher 
melting point and susceptibility to contamination. 
However, power rectifiers with ratings of more 
than 1kW have already been reported.’ 

Fused junction types have been made by one 
organisation® and are similar in appearance to 
corresponding germanium types. 

Maximum Junction Temperature.—In the early 
stages of development it was customary to limit 
the junction temperature of germanium rectifiers 
to 75 deg. Cent. and all ratings were based on this 
figure. Recent experience, however, has shown 
that, with improved techniques in manufacture, 
operating temperatures of up to 100 deg. Cent. 
are now possible. However, the maximum peak 
inverse voltage at 100 deg. Cent. must of 
necessity be less than when working at a lower 
temperature. 

Similar considerations will apply to the silicon 
rectifier, except that its maximum junction 
temperature may be raised to about 300 deg. 
Cent.; but at lower temperatures the maximum 
peak inverse voltage will be limited by Zener, 
rather than by thermal, breakdown. 

{The authors then outlined the method of 
rating rectifiers and applying electrical tests.] 


APPLICATIONS OF HIGH-POWER GERMANIUM 
RECTIFIERS 


The germanium power rectifier combines the 
high efficiency of the contact rectifier with the 
static advantage of the mercury-arc rectifier. In 
addition, it can cover a wider range of voltage 
and power ratings. 

Other early converting devices such as hot- 
cathode, hard-vacuum and metal rectifiers have 
each found profitable employment but are now 
faced with formidable rivals, and it is interesting 
to compare the growing array of converting 
equipment with other types of apparatus such 
as transformers, d.c. motors or alternators, 
where the main principle of operation has 





+ This {subject is more fully discussed in an appendix to the 
paper (not reproduced here). 
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remained unchanged for half a century. Although 
notable advances in performance and size of 
such apparatus have been made, their designers 
have been spared continual changes of type. 
Circuit Connections—For small powers a 
single-phase, half-wave or a full-wave rectifier 
can be used, but the output voltage contains a 


large ripple. The simplest arrangement for 
rectifiers of more than 1kW or 2kW is the three- 
phase bridge connection shown in Fig. 5. Current 
flows to the positive d.c. connection from which- 
ever terminal of the transformer secondary 
winding is the most positive at the time, and it 
flows back from the negative d.c. connection into 
whichever terminal is most negative. Thus 
the outgoing d.c. power flows in turn through the 
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(a) Connection diagram. 
(b) Line-voltage waveforms. 
(c) Direct-voltage waveforms. 


Fig. 5—Normal rectifiers in three-phase bridge 


top three rectifier units, each for one-third of 
a cycle, and back through the bottom three. 
The d.c. positive terminal has the potential of 
whichever terminal, A, B or C, is the most 
positive, and the d.c. negative terminal that of 
whichever terminal is the most negative. The 
direct voltage is thus the difference between the 
two thickened lines and is shown in the second 
curve. It has a ripple of about 6 per cent at a 
frequency of six times the supply frequency, 
i.e. 300 c/s on 50 c/s supplies. For just over 
one-third of each cycle each unit carries forward 
current ; for the remainder it is subjected to a 
reverse voltage having a peak value equal to 
the peak direct voltage. 

If each unit can carry a mean current of 50A 
the d.c. output from the bridge is 150A. If 
each unit can withstand a peak inverse voltage 
of 100V the d.c. voltage will be 100V peak and 
about 90V mean. The output power will then 
be 13-5kW, or 2-25kW per unit. 

It is worth noting that the transformer windings 
carry only alternating current with no d.c. 
comp6nent. Thus the rating of the secondary 
windings is reduced to 70 per cent of that required 
for a multi-anode mercury-arc rectifier. The 
winding also becomes more simple than the 
six-phase winding needed for a mercury-arc 
rectifier. This fact provides some welcome 
relief for the transformer designer. 

The simplification of the transformer, however, 
is accompanied by some disadvantages: the 
connections of the rectifier compared with those 
of a six-phase, double-star-connected rectifier 
are more complicated, and involve more fuses 
and more copper in the busbars ; the arrange- 
ment of the rectifier units in twice as many 
series strings, having only half the inverse voltage 
across them, gives less freedom in the choice of 
the number of units in series. These factors make 
it desirable to use the double-star connection 
in some cases, particularly where the d.c. output 
is a high current at a low voltage, as in electro- 
plating. , 

The harmonic currents produced in the a.c. 
supply system by a three-phase bridge rectifier 
rated at several hundred kilowatts may sometimes 
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cause interference in telephone circuits. In such 
circumstances it is necessary to cancel the 
harmonics of lowest frequency, i.e. the fifth and 
seventh harmonics, by using two three-phase 
bridges displaced in phase by 30 deg. from each 
other to give what in mercury-arc-rectifier 
language would be called twelve-phase operation. 
This can be done by the use of one star and one 
delta transformer secondary winding. For still 
larger equipments it is necessary to use a larger 
number of three-phase bridges, displaced in 
phase from each other, to give 24, 36, 48 or 
60-phase operation. 

Overlap and Hole Storage-—Owing to the 
reactance of the transformer windings, current 
cannot be transferred instantly from one phase 
to another ; the waveform of the current through 
a unit is therefore as shown in Fig. 6, the period 
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(a) Connection diagram. 
(6) Current waveform. 
(c) Waveform of voltage across one unit. 


Fig. 6—p—n junction rectifiers in three-phase bridge 


PQ being the time taken for the current to fall 
to zero in unit A and to rise to full value in unit 
B. Because of the hole-storage effect, however, 
the current does not stop at zero, but overshoots 
in the reverse direction for a few degrees and then 
is abruptly reduced to zero at point R. On the 
assumption that the output current is constant, 
unit B, which is taking over the current from unit 
A, must have an opposite pulse of current at the 
same moment. These pulses appear in the current 
of each unit. 

The rapid decrease of current when the hole 
storage ends produces a sharp spike in the wave- 
form of voltage in the circuit through which the 
current flows, and these spikes, occurring every 
sixth of a cycle, are shown on the inverse voltage 
across unit A in Fig. 6(c) ; the two which occur 
during the conducting period of unit A appear in 
the inverse voltage of other units. 
voltages, although of very short duration, can 
damage a rectifier even if they do not exceed 
the normal breakdown voltage, since the break- 
down voltage is lower immediately after the 
passage of forward current; they are unlikely 
to damage the transformer windings. The 
voltage oscillations which follow the spikes can 
cause limited interference to radio reception. 
These undesirable effects can be reduced to 
harmless proportions by connecting across the 
a.c. terminals of the bridge, capacitors into which 
the reverse current can flow when it is abruptly 
rejected by the rectifiers.® Fig. 7 shows an 
oscillogram of the current in a unit and the 
voltage across it when working in a circuit 
without these capacitors. 

Series and Parallel Operation—When the 
direct voltage required is higher than can be 
obtained from a simple three-phase bridge it is 
necessary to connect units in series. Owing to 
the variation of the characteristics between units, 
the reverse voltage will not be divided evenly 
between them. To correct this it is possible, as 
previously suggested, to connect across each unit 
a resistance which is low compared with the 
lowest reverse resistance of any unit. However, 
the power loss én the resistors will then be large 
compared with the reverse power loss in the 
units, and the overall efficiency will be reduced. 
A capacitor connected across each unit would 
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give some equality of reverse voltage but would 
be costly. If it were true that all units failed at 
the same reverse voltage it would be best to 
equalise their reverse voltages. However, it is 
more nearly true that they fail at the same reverse 
current, and the best way of connecting units in 














(a) Current in a rectifier unit. 


a Voltage across the unit. 
c) Voltage after fitting capacitors. 


Fig. 7—Oscillograms of a three-phase bridge rectifier 


series in high-power equipment has been found 
to be simply to connect them in series. 

For currents greater than three times the unit 
rating, units or strings of units must be con- 
nected in parallel. The forward voltage drop 
varies slightly between units, but to equalise the 
currents in the parallel paths by means of series 
resistors lowers the efficiency, and to do so by 
series reactors is cumbersonte. The best solution 
for high-power operation is to reduce the average 
current slightly so that no unit is overloaded. 

Cooling. —The loss per 50A rectifier unit is 
25W forward and 2W or 3W reverse, i.e. about 
30W total, and this amount of heat must be 
removed from the base of the unit. In order to 
give a reasonable margin below the temperature 
of 70 deg. Cent. at which the unit has been 
tested, the temperature of the base should not 
exceed 55 deg. Cent. For small equipments 
using only a few rectifier units, the most satis- 
factory method of cooling is by natural convec- 
tion, the units being provided with sufficient 
cooling surface, finned or otherwise, to maintain 
a suitable temperature. 

For large equipments in temperate countries, 
where the air temperature does not often exceed 
30 deg. Cent., the heat can easily be removed 
by air drawn past fins attached to the base of the 
unit, the units and fins being arranged on trays 
in a cubicle. The space occupied by the fins is 
small, the fan can be driven by a squirrel-cage 
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Fig. 8—Efficiencies of converters for 15kA operation 


motor, which is very reliable, and the power 
consumed by the fan is only about 0-1 per cent 
of the rectifier output. 

In tropical countries, where the air temperature 
may be 50 deg. Cent. or in locations where the 
air contains dirt or corrosive gases and is unsuit- 
able for passing through the rectifier cubicle, 
some form of water cooling is necessary. Each 
rectifier unit may be provided with a passage for 
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water, but a large number of units at different 
potentials and connected by water pipes is poy 
attractive. A better arrangement is to use air 
cooling and to cool the air in either a closed or 
an open circuit with a water-cooled hea 
exchanger.. If mains water is used it mug 
usually be paid for and a reserve tank provided 
to avoid shut-down of the rectifier due to water 
failure. It frequently happens abroad that the 
water is too corrosive or too hard to pass directly 
through cooling passages, and a water-to-water 
heat exchanger must be used. 

Another proposed method of cooling is to 
surround the unit with a volatile liquid such as 
carbon tetrachloride in an hermetically sealed 
vessel at such a pressure that the liquid is just 
below its boiling point ; a small rise in tempera. 
ture of the unit then produces bubbles of vapour 
which rise to the wall of the vessel, where they 
condense and give up their heat ; this is removed 
by air or water cooling on the outside of the 
vessel. If the liquid is in direct contact with the 
unit the choice of a suitable insulating liquid jg 
difficult ; if it is not in direct contact some of 
the advantage of the method is lost. The pu 
served by the liquid is to transfer the heat from 
the unit to the ultimate cooling medium with the 
minimum temperature drop, but this can be 
done almost as well with a solid-metal heat 
path. Vapour cooling, however, has also the 
advantage of insulating the basic rectifier from 
the cooling system. 

It is possible also to cool and protect the sealed 
and finned units by immersing them in oil ina 
tank provided with cooling tubes, as on a trans- 
former. This method is very useful for small 





Fig. 9—300kW germanium rectifier assembly in 
cubicle 


equipments in. bad atmospheric conditions, but 
for large equipments it occupies considerable 
space, unless the cooling tubes are cooled by 
water or forced draught. 

Efficiency —The power loss occurring during 
the reverse part of the cycle is small compared 
with the forward loss, which is itself small. The 
reverse loss can, therefore, be neglected and the 
efficiency calculated from the forward loss only. 
The forward voltage drop at full load is approxi- 
mately 0-5V, in the bridge connection the 
current flows through two units in series, making 
a total drop of 1V. If the peak inverse voltage 
across a unit is limited to 100V, corresponding 
to a full-load direct voltage of 90V, the loss is 
1V in 90V, or 1-1 per cent. Connections, 
cooling fan and fuses account perhaps for 4 
further 0-5 per cent, giving a total loss of 1:6 
per cent. The loss in the main transformer for 4 
1MW equipment would be about 1-4 per cent. 
The overall efficiency of the equipment would, 
therefore, be 97 per cent. Since the only losses 
occurring at no load are the transformer core 
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Joss and the fan loss, the efficiency is high down 
to 10 per cent of full load. 

The very low voltage drop in a germanium 
rectifier allows a high efficiency even at very low 
output voltages. Fig. 8 compares the efficiency 
plotted against the direct output voltage for the 
various methods of conversion for an output of 
15kA. It will be seen that even at 10V, d.c., 
the germanium rectifier equipment has an overall 
efficiency of 90 per cent. Copper-oxide and 
selenium rectifiers have a much lower efficiency. 
Germanium rectifiers thus provide a means of 
obtaining low direct voltages at high efficiency 
where no means previously existed. 

Voltage Control—At present, germanium 
rectifiers have no means of voltage control 
comparable with the grid control of a mercury- 
arc rectifier. The direct voltage can, however, 
be controlled by varying the alternating input 
voltage to the rectifier by one of three main 
methods. First, by transformer tappings, which 
can be of the off-load type for infrequent opera- 
tion, or the on-load type where operation is 
more frequent or where automatic control is 
required. Secondly, for smooth stepless varia- 
tion a voltage regulator can be interposed on 
either the primary or the secondary side of the 
transformer ; for reasonably frequent operation 
this can be a transformer-type regulator with a 
contact moving over the winding; for very 
frequent operation an induction regulator is 
preferable but is more costly. Thirdly, for 
automatic control of voltage with almost con- 
tinuous variation a saturable reactor may be 
interposed on either the primary or the secondary 
side of the transformer; this method gives 
smooth and rapid control, but since it reduces 
the power factor in the same ratio as it reduces 
the direct voltage, it must be used in moderation 
and supplemented by transformer tappings if a 
wide range of control is required. 

By the use of one or more of these methods 
any voltage-control requirement can be met, and 
although the solution may not be so elegant as 
grid control, the waveform will not be so sharp- 
toothed. 

The one thing which cannot be achieved by 
germanium rectifiers is the conversion from 
direct current power to alternating current power. 
For this we must await future developments. 

Comparison with Earlier Types.——Where the 
cost of electrical power is a major item, as, for 
example, in electrolytic processing equipment, an 
improvement in efficiency of a fraction of 1 per 
cent may save thousands of pounds per annum, 
and germanium is the obvious choice. More- 
over, during the past twenty years the operating 
voltage of electrolytic-cell lines has been raised 
from about 200V to 600V and even 1kV, in order 
to use mercury-arc rectifiers at a more efficient 
voltage. Since germanium rectifiers give their 
maximum efficiency at any voltage from about 
70V upwards, a low cell-line voltage will now 
become more practicable ; this would ensure 
greater safety for the operating staff and in some 
instances permit the use of larger individual cells 
with an improved performance. 

_ For applications such as electroplating, requir- 

ing large currents at low direct voltages of 
5-50V, the efficiency of the germanium rectifier 

is so much higher than that of any other equip- 

_—_ that there seems no reasonable alternative 
0 it. 

For small d.c. power supplies of from 1kW 
to 100kW the question of efficiency is not so 
important, but the germanium rectifier is so 
much smaller than copper-oxide and selenium 
— that it seems likely to be used exten- 
sively, 

A mercury-arc rectifier can deliver nearly as 
much current at 600V as at 200V, so that its cost 
per kilowatt decreases rapidly as the voltage 
increases. A germanium rectifier is made up 
of a number of units in series and parallel and 
the cost per kilowatt is more nearly constant. 
There will, therefore, be some direct voltage 
below which the germanium rectifier will be 
cheaper and above which the mercury-arc 
rectifier will have the advantage, but this level 
is not yet known. 

Equipments in Operation.—In December, 1953, 
a 300kW germanium rectifier was installed in 
the lamp works of a British manufacturer to 
supply direct current power to electrolytic cells 

for hydrogen production. It replaces a grid- 
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controlled glass-bulb mercury-arc rectifier and 
operates from the rectifier transformer previously 
used. It occupies one-sixth of the space taken 
by the glass-bulb rectifier, has an efficiency 6 per 
cent higher and makes a saving of £700 per year 


‘on power. It has now been in service for more 


than 10,000 hours. This was the first germanium 
power rectifier to be installed in this country, 





Fig. 1 rectifier units, with and without 
fins, used in 300kW equipment 

and, so far as is known, the first of this rating in 
the world. 

Fig. 9 shows the interior construction, with the 
rectifier units mounted on withdrawable racks 
and the cooling fan at the top to draw air upwards 
over the units. The a.c. leads from the trans- 
former enter at the back and current flows 
down through the units to the d.c. busbar at the 
bottom. A relay mounted above the fan is con- 
nected to trip the d.c. circuit breaker if the fins 
stops. 

Fig. 10 shows one of the rectifier units from 
this equipment, with and without its cooling fins. 
Each unit has a d.c. rating of SOA. 

Another 300kW rectifier has also been installed 
in a factory attached to the same organisation ; 
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225V., D.C. 
Fig. 11—Connection diagram of 1MW germanium 
rectifier 


it provides a general power supply at 500V and 
250V to a three-wire d.c. system, and also 
operates from an existing transformer. The 
rectifier cubicle is only about one-half the size 
of the one previously mentioned, although in this 
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instance it contains fuses, reactors, current trans- 
formers and relays. This equipment has been in 
service for more than a year. An equipment 
rated at 1MW at 255V was put into continuous 
service in August, 1955, supplying current to.an 
electrolytic cell line. This equipment has two 
rectifier cubicles each 3ft square and 7ft 6in high ; 
the simplified connection diagram is shown in 
Fig. 11. An 18MW equipment is now being built 
to supply power to two 30kA electrolytic cell 
lines, and is the largest germanium installation 
on order in any part of the world. 


CONCLUSIONS 


It is anticipated that increasing use will be 
made of the p-n junction rectifier as a power con- 
verter with a demand for units having higher 
current and voltage ratings. Single germanium 
units with current ratings éxceeding 100A have 

dy been made experimentally, and it is 
reasonable to expect the production of still larger 
units when economically possible. There is also 
the hope that silicon power rectifiers will soon be 
in production and so extend the field of applica- 
tion for these unique devices. 

Work on amplifying and power control 
devices similar to the thyratron is also very 
active, and this will no doubt be accelerated with 
increased knowledge and control of germanium 
and silicon single-crystal production and pro- 
cessing. 
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Technical Reports 


National Building Studies Research Paper No. 22, 
Studies in Composite Construction, Part II, The 
Interaction of Floors and Beams in Multi-Storey 
Buildings. H.M. Stationery Office. Price 5s.—The 
Building Research Station is making a study of the 
complex behaviour of composite structures and 
has already issued a research paper dealing with the 
composite action of brick panel walls supported by 
concrete beams (N.B.S. Research Paper No. 13). 
The present publication is concerned with the inter- 
action of floors and beams in multi-storey buildings. 
Hitherto, study has generally been confined to the 
behaviour of frames, slabs, membranes and other 
structures in isolation without considering what 
happens when these units act in unison. This report 
is concerned with the effects of interaction and, after 
outlining the subject, proceeds to develop it in detail, 
dealing first with working (elastic) conditions, and 
then with the mechanism of ultimate collapse of 
composite beam-slab systems. 

The work done on the problems of composite 
construction has included the study of the stresses 
in the steel frames of large buildings and the observa- 
tion of the stress history of the steel frame of a large 
office block during construction. It is established 
that walls and floors can be as important in resisting 
distortion as the frame itself and the report attempts 
to deal with the fundamental principles governing 
the behaviour of composite floor and beam systems 
and gives special attention to the conditions which 
exist at the junction of the floor slabs and the support- 
ing beams. 


The Painting of Structural Steelwork. London: 
British Iron and Steel Research Association, 11, Park 
Lane, W.1. Price 5s.—The report details the results 
of an investigation started in 1945 by representatives 
of B.I.S.R.A. and the British paint industry into the 
performance of various paint schemes and the 
effectiveness of various methods of surface prepara- 
tion. These prolonged tests were divided into four 
main groups. The first and second deal with priming 
paints, including metallic pigments and lead soaps ; 
the third covers the technique of surface preparation 
and the use of metallic coatings, and the fourth the 
use of protective paints with tar or bitumen bases. 
Comparative exposure tests have been undertaken 
in an industrial atmosphere (Derby) and a seaside 
atmosphere (Brixham). A very large number of 
observations have been made over the years, and the 
report records them in detail. 
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LETTERS AND LITERATURE 


Letter to the Editor 


(We do not hold ourselves responsible for the opi 
correspondents) 





of our 


RESILIENCE OF A GYMNASIUM 
FLOOR 

Sir,—I have been very interested in letters 
published in your issues dated June 10th, July 
22nd, and August Sth, since this subject is 
closely connected with the question of floor 
comfort. 

T. R. Cave-Browne-Cave described experi- 
ments which showed that when a boy jumped 
on to a floor the movement of the hips after 
the initial contact with the floor was many 
times greater than the movement of the floor 
itself. From this he concluded that “it is 
difficult to believe that the resilience of the 
floor has any significant value whatever.” 
Dr. D. Williams made a study of an idealised 
system of masses and springs, assumed that 
the mass of the feet is comparable with the 
“* generalised” mass of the floor, and that 
there is, in effect, no compressible material 
between the foot mass and the floor. From 
this he concluded that a resilient floor is far 
preferable to a non-resilient floor. C. E. 
Phillips has pointed out that Williams’ con- 
clusion “explains the difference in comfort 
when walking on various types of road 
surfaces.” 

Measurements have been made in our 
laboratories of the pressures on the human 
foot during walking (see Holden and Muncey, 
Aust. J. Appl. Sci., 4:189, 1953), of the 
acceleration of the head during walking, and 
of the comfort sensations of blindfolded 
persons walking on two different types of 
floors. It was found that there were no 
significant changes in the pressures on the 
foot, notably those on the heel, as the person 
walked on floors of concrete, of din cork tile 
laid on concrete, and of timber supported 
by joists and bearers. Immediately after 
contact the pressure on the heel rose rapidly 
to about half maximum, dropped slightly, 
rose sharply to maximum, and then fell 
slowly as the weight was shifted towards the 
toe. The ordinates of the curve varied about 
+2 per cent from step to step. On lawn the 
pressures were comparable, but rose some- 
what more slowly and had no momentary 
reduction after the first contact. Similar 
results were obtained with measurements of 
head accelerations, there being no statistical 
significance in the slight changes found 
between different types of floors. 

These results conflicted with our precon- 
ceived ideas, which were based on lines of 
thought similar to those of Dr. Williams. It 
had been overlooked that there is a pad of 
flesh between the foot mass and the floor, 
and because this is much more compressible 
than normal floor surfaces it is not surprising 
that the floor has little effect on foot pressure. 
In running and jumping, where impact 
velocities are greater, it is usual to land on 
the toes, and some compensation for the 
increased energy appears to be provided by 
the muscular action. 

We would be interested to hear of any 
experiments of comparative comfort tests, 


as suggested by your correspondents. Two 
groups of persons have been tested in 
Australia and asked to rate the “‘ softness ” 
of a pair of floors for walking—one floor was 
of concrete and the other of timber, and in 
each case the floor was covered with linoleum. 
One group was tested in a location with 
which the members were familiar, and in 
which the acoustic conditions differed 
markedly for each floor. The unanimous 
verdict of this group was that the timber floor 
was softer. Members of the second group 
were unfamiliar with the test location, and 
both floors were in the same room. Of forty- 
eight opinions given, twenty-three were that 
the concrete floor was softer, eighteen that 
the timber floor was softer, and seven rated 
the surfaces as equal. 

We consider that hard floors are not 
unsuitable for use in houses, and think it 
likely that this may apply equally to playing 
areas. It is unfortunate that comparative 
tests are not likely to be made because of the 
difficulty in obtaining a number of adjoining 
locations with which the subjects of the test 
are not familiar. 

R. W. MUNCEY 

Division of Building Research, 

Commonwealth Scientific and Industrial 
Research Organisation, 
Melbourne, Australia, 
October 31st. 


Literature 


L’Equilibre des Corps Deformables by G. 
COLLONNETTI. Paris: Dunod, 92, Rue 
Bonaparte (vi). Price 1,680F. 

THis book is primarily intended for civil 

engineers, but deals with a topic which in 

these days must always be present in the 
minds of those responsible for the design of 
structures and machines in various fields of 
engineering. This is the fact that, in order to 
achieve economic design under operating 
conditions, in many cases the inevitability of 
some degree of plastic strain (either time 
independent or time dependent), occurring 
in some element of the structure or machine, 
must be accepted. Further, that such 
elements of plastic strain are not always an 
unmixed evil ; and finally, that by prepara- 
tory mechanical treatment of chosen elements 
the worst effects of such plastic strain may 
often be avoided. The author is well known 
among Continental engineers for his writing 
upon theory underlying the above-mentioned 
general problem. He has, in fact, published 
some eighty papers with some bearing on this 
matter, and the book is happily prefaced by 

a list of these papers. 

The theme of the book may perhaps be 
summarised as follows. In the case of inde- 
terminate structures the state of equilibrium 
of the system cannot completely be defined 
as a function of the external forces applied 
to the structure. The equations of equili- 
brium in this case do not comprise a unique 
solution which is practically realisable ; but, 
on the contrary, the validity of one solution 
more than another depends upon considera- 
tion of non-elastic deformations, and the 
states of internal stress arising from them. 
Consideration of states of stress produced 
spontaneously by reason of the plasticity of 
the materials employed leads to the realisa- 


tion that by arbitrarily applied prestrain of 
suitable elements of the structures, and the 
creation of correspondingly modified states 
of internal stress, it is possible to realise 
among the solutions of the statical problem 
of equilibrium one solution which is particu. 
larly desirable. In accordance with this 
theme the author outlines a theory of equili- 
brium of indeterminate structures subject to 
elastic-plastic deformation under externally 
applied loads. He assumes in his readers a 
knowledge of the classical theory of elasticity, 
and many of the propositions developed are 
analagous to or extensions of propositions 
in elastic theory. This theoretical treatment 
appears to be basically sound, and it is 
applied to the design of various groups of 
civil engineering structures, the several cases 
being well illustrated by detailed examples. 

The book, apart from being a satisfactory 
introduction to the subject for readers newly 
interested, seems likely to provide for many 
who are well versed in the practice of stfuc- 
tural engineering a more adequate basis of 
theory in a field in which, in certain directions, 
practice may have somewhat outstripped 
theory. The text comprises five main sections 
dealing respectively with the general theory 
of equilibrium, plastic deformation, lattice 
girders, theory of beams and arches, and the 
prestrain of structural elements. In what 
follows a closer appraisal of these five sections 
is made. 

In the initial section the author lays down 
the general theoretical bases for the treatment 
given to particular issues later in the text. 
As indicated above, an appreciable portion 
of this theory consists of generalisations 
of certain theorems of classical elasticity 
(particularly that dealing with the principle 
of minimum work of deformation) to meet 
the case of combined elastic and plastic 
strains. On these lines the author derives 
the general equations of equilibrium govern- 
ing the internal state of structures subject to 
plastic strain by external loading, and the 
residual states arising when such external 
loading is removed. 

In the second section the general character- 
istics of plastic flow are outlined, and the 
equations of equilibrium are extended to 
include the case of time dependent plastic 
strain. The author follows the representation 
used by Volterra, in his theory of elastic 
heredity, in defining the time dependent 
strain elements of the equations of equili- 
brium. Here he is probably on somewhat 
uncertain ground. However, no actual use 
is made of these expressions for time 
dependent plastic strain in the later sections 
of the book, and it seems likely that the author 
simply uses them by way of illustration, 
being a not unreasonable mode of repre- 
sentation. This section concludes with an 
examination of the behaviour of a chain hook 
under loading giving rise to elastic strain. 
The course of load deformation relations is 
followed through the purely elastic, the 
elastic-plastic, and the virtually entirely 
plastic stages. It appears that the methods 
of plastic design here advocated lead to a 
very reasonable estimate of the margin of 
safety from rupture under a particular load- 
ing condition. 

The third section deals with indeterminate 
lattice girders. In the initial portion the 
generalised equations of equilibrium for 
elastic-plastic conditions are applied to these 
structures. As an illustration of the use of 
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the resulting equations three examples (com- 

ising a square framework loaded vertically 
along one diagonal, a lattice arch, and finally 
a lattice girder simply supported at its 
extremities and supported by a cable about 
its centre regions) are considered at length. 
These examples are well used to underline 
the advantages and disadvantages arising 
from the incidence of plastic strain in the 
structures. 

The fourth section presents the author’s 
theoretical treatment of beams and arches 
under elastic-plastic conditions. This derives 
from the treatment by B. de St. Venant of the 

oblem of a long slender body deforming 
elastically under load, but with the use of 
components of total deformation in place 
of those of elastic deformation. Four special 
cases involving particular values of the total 
normal and shear deformations are examined 
in detail. The natures of the permanent 
deformations remaining after removal of 
external loading are indicated. The remainder 
of the section is concerned with the applica- 
tion of the above theory to the state of stress 
and strain in the flanges and web of I-section 
girders in a reinforced concrete beam and in 
an encastered concrete arch. 

In the final section consideration is made 
of the manner in which states of stress arising 
from arbitrarily employed prestrain can be 
used to ease the conditions of service of a 
structure—in other words, the manner in 
which states of stress which might arise in the 
virgin structure as the result of plastic strain 
and which might definitely be dangerous 
may be offset and rendered harmless by the 
introduction of deliberately imposed ele- 
ments of prestrain. A number of cases in 
practice in which this procedure was adopted 
with success are commented upon. It is 
remarked that the procedure is particularly 
suitable for application to reinforced concrete 
structures and has, in fact, given rise to a new 
technique of construction in that field. In 
this technique, by prestrain of the reinforce- 
ment steel it is possible to ensure that no 
portion of the concrete whatsoever is exposed 
to tensile stresses which might give rise to 
fissuration. The theory and practice of 
M. Freyssinet ‘in preparing concrete of 
unusually high compressive and _ tensile 
strength is commented upon. The state of 
stress and strain arising in a reinforced con- 
crete beam under compound loading, due to 
bending moment and a transverse force, is 
investigated. A solution is obtained to the 
problem of a reinforced concrete beam in 
which some degree of plastic strain is allowed 
in the reinforcement. Thirdly, the case is 
considered of a reinforced concrete beam in 
which tensile stresses of an order sufficient to 
produce fissures in the concrete are allowed 
to appear under external loading, and thus to 
reduce the effective cross section of the beam. 
All these cases are well illustrated by detailed 
examples. 

Finally, the principles laid down in this 
section, and the possibilities arising from them 
are comprehensively illustrated by considering 
in some fullness the design of a cupola built 
as an’ indeterminate structure. 


Dynamics of Machinery. By A. R. HOLo- 
WENKO. London: Chapman and Hall, 
Ltd., 37, Essex Street, W.C.2. Price 60s. 

PROFESSOR ~HOLOWENKO has written an 

unusual book covering kinematics and force 

analyses in mechanisms; it is refreshing 
to find a departure from the well-worn path 
of standard books on theory of machines 
and even more so, in these days of attempting 
to teach the subject without mathematics, 
to find that both differential and integral 
calculus have been used and that “no 
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attempt has been made to avoid mathe- 
matics.” Throughout the book analytical 
and graphical methods have been used in 
parallel so that each illuminates the other 
and the common pitfall of teaching graphical 
procedures as cookery routines is thereby 
avoided. 

After a short elementary introduction on 
Newton’s laws, velocities and accelerations, 
the relative velocities of points on a rigid 
link are considered and this leads straight 
on to the usual velocity diagram techniques 
supplemented by analytical methods. An 
example to this chapter uses this method 
applied to epicyclic gear problems as has 
been advocated in recent years in various 
articles by a variety of authors. For problems 
which do not yield to the direct Smith (Trans. 
Roy. Soc., Edinburgh, 32, 507, 1885) relative 
velocity diagram attack, Professor Holo- 
wenko prefers to use the auxiliary point 
method as advocated by Hall and Ault 
(Machine Design, November, 1943), which 
leads naturally on to the use of coincident 
points in acceleration analysis including the 
Coriolis effect. This is particularly desirable 
as it prevents the mystification of the student 
when first confronted with the idea and 
phenomenon in acceleration analysis with 
moving frame of reference. 

The next part of the book deals with 
static analysis of machines, inertia forces 
and the dynamic analysis of mechanisms. 
This section is more orthodox in its treat- 
ment, but is very well done. Then, rather 
over a quarter of the book is given up to 
flywheel analysis and balancing, which is 
much more fully dealt with than is usual 
except in specialist works on the subject. 
To some extent this unbalances the book, 
but the natural lead on from the previous 
work and the thorough reduction to funda- 
mentals makes this part of real value as 
teaching material. The last section consists 
of an introduction to vibration of shafts, 
including Holzer’s method for torsional 
vibrations, and a very brief introduction to 
gyroscopes. 

The level of achievement required of the 
student in the balancing and vibration 
sections is quite high and contrasts notably 
with the very elementary introductory 
matter. This makes the book of limited 
utility to the individual student working 
without a teacher, whereas the latter could 
dispense with the elementary matter. Unfor- 
tunately, too, the price is too high for the 
book to be generally adopted for class use, 
although it should be in every library and 
available to every lecturer in theory of 
machines. Finally, despite the critical com- 
ments made, we commend the author’s 
freshness of approach ; having read some 
forty books in the field, this one stands out as 
different and well worth while. 


Handbook on Standard Time Data for 
Machine Shops. By A. A. HADDON and 
V. K. Gencer. London: Thomas and 
Hudson, Ltd., 244, High Holborn, W.C.1. 
Price 63s. 

THE detailed standard time data for establish- 

ing machine shop time values given in this 

book is designed to eliminate the problem of 
performance rating and the necessity of 

taking individual time studies whenever a 

standard is required. In separate tables it 

covers the common machine shop operations 
on lathes, milling machines, grinders, drilling 
machines, boring machines, gear cutters, 
broaching machines, &c., and assembly work. 

The standard time data given in the book is 

designed to make it possible to determine, 

before work is issued to the shop, the best 
sequence of operations, the most economical 
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method of performing each operation, andJa 
standard time which can be relied upon to 
represent a fair day’s work for an average 
operator. Operators are treated imperson- 
ally and impartially in applying the standards, 
and the recommendations for machining and 
tables for machine elements given take into 
account such things as type of equipment, 
amount of material to be removed, tolerances, 
finish required and tool life. It is stated that 
the data and techniques given in the book 
have been developed from thousands of time 
studies over a period of more than twenty- 
five years by the authors’ firm in the United 
States. Production and planning engineers 
will find the book of particular interest. 


Basic Lubrication Practice. By A. F. BREWER. 
London: Chapman and Hall, Ltd., 37, 
Essex Street, W.C.2. Price 54s. 

IN his preface the author of this book—who 
was formerly editor of the American journal 
Lubrication—points out that designing equip- 
ment for lubrication is as important as design- 
ing for production. The cost of lubrication 
is often insignificant compared with the cost 
of a machine, but the money spent on it is 
fully justified as insurance of operating parts 
against failure and wear. With these facts 
in mind the author has designed this book to 
deal in detail with the principles and prac- 
tice of industrial and power plant machinery 
lubrication. The opening chapters deal with 
operating conditions affecting lubrication and 
the physical tests of petroleum lubricants and 
their significance. Subsequent chapters cover 
the design, handling, operation and other 
aspects connected with lubrication of bear- 
ings, cams, gears, chains, wire ropes, 
couplings, &c.; lubrication seals; auto- 
matic lubrication ; rust preventing lubri- 
cants ; lubrication of steam turbines, steam 
cylinders, internal combustion engines, 
motors, pneumatic tools and equipment, 
refrigerators, and hydraulic equipment ; and 
conclude with sections on lubricant storage 
and handling, and reconditioning. 


Books Received 


Theory of Machines. By W. G. Green. Glasgow : 
~—: and Son, Ltd., 17, Stanhope Street, C.4. 
rice 40s. 


Hydraulic and Pneumatic Operation of Machines. 
By H. C. Town. London : Odhams Press, Ltd., 96, 
Long Acre, W.C.2. Price 21s, 


Rotorcraft. By Captain R. N. Liptrot and J. D. 
. London: Butterworths Scientific Publica- 
tions, 88, Kingsway, W.C.2. Price 32s, 


Industrial Automatic Controls. By M. H. Lajoy. 
London: Bailey Bros. and Swinfen, Ltd., 46, St. 
Giles High Street, W.C.2. Price 53s. 6d. 


The Principles of Technical Electricity. Second 
edition. By M. Nelkon. Glasgow: Blackie and 
Son, Ltd., 17, Stanhope Street, C.4. Price 10s. 6d. 


The Supervision of Civil Engineering Construction. 
By A. C. Twort. London: Edward Arnold (Pub- 
lishers), Ltd., 41, Maddox Street, W.1. Price 25s. 


Catalogues and Brochures 


GorinG Kerr, Ltd., Clifton Works, Slough, Bucks.—Leaflet 
describing the S.J.M. model portable metal detector. 

INSPECTION EQUIPMENT, 19, Broad Court, Drury Lane, London, 
W.C.2.—Bulletin for distribution to those interested in industrial 
radiography. 

NORTHERN ALUMINIUM CoMPANY, Ltd., Banbury, Oxfordshire. 
—Folder giving deiails of “* Noral’’ high-purity aluminium for 
roo! and flashing. 

RENOLD CuHatns, Ltd., Renold House, Wythenshawe, Man- 
chester.—Illustrated folder describing the uses of Renold standard 
stock series chain drives. y 

AGRON MANUFACTURING COMPANY, Lid., 103-105, George 
Street, Croydon, Surrey.—Leafiet briefly describing the assem- 
bling of a “* Plastic-Loc’’ tube joint. 

CoorpeR ROLLER BEARINGS COMPANY, Litd., King’s Lynn, 
Norfolk.—Detailed catalogue covering a range of split ball and 
roller bearings manufactured by this company. 

PRECISION RuBBERS, Ltd., Bagworth, Leicester.—Booklet 
entitled “ Synthetic and Natural Rubbers and their Uses,’’ giving 
notes for the guidance of engineers and designers. 

BARR AND STROUD, Ltd., Anniesland, Glasgow, W.3.—Pamph- 
let No. 1194, entitled “ Precision Bevel Gears,” giving details 
of spiral-bevel, zerol and hypoid gears for precision mechanisms. 

METROPOLITAN-VICKERS ELECTRICAL COMPANY, Ltd., Trafford 
Park, Manchester, 17.—Catalogues covering a range of “* Metro- 
vick ’’ resistance welding equipment and arc welding equipment. 
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Uses of the Mohr Circle Pole 


By T. F. W. SMITH, B.Sc. (Eng.), A.M.I.C.E., A.M.I.Mech.E., A.F.R.Ae.S. 


The advantages are shown of using the pole of the Mohr circle in the graphical 


analysis of stress, strain and second moments of area. 


Constructions based on 


the pole are given, which provide quick and direct solutions to common problems. 


Tee pole of a Mohr stress circle has been 
defined by Prager’ and is the point 
on the circle through which a line parallel 
to any given plane in the material will cut 
the circle at a point whose co-ordinates 
give the normal and shear stress components 
on that plane. A similar pole exists on the 
Mohr strain circle. On a Mohr circle for 
second moments of area the diametrically 
opposite point is of more importance and 
this point will be referred to as “ the pole ” 
of the Mohr area moment circle. This pole 
may be defined as the point on the circle 
through which a line parallel to any given 
axis of the area will cut the circle at a point 
whose co-ordinates give the second moment 
and product moment of area relevant to that 
axis. Similar “axis” poles exist on the 
stress and strain circles, but are of only minor 
interest. The use of the poles is of consider- 
able advantage. They give an immediate 
picture of the directions of planes or axes 
and may be used as a basis of constructions 
which give quick and direct solutions to analy- 
sis problems of stress, strain and second 
moments of area. 


STRESS ANALYSIS 


To Jocate the pole on a stress circle let 
the circle be drawn in the usual way, as 
shown in Fig. 1(b), by plotting points V and 
H having as co-ordinates respectively the 
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stress components on the vertical and horizon- 
tal planes of the element of material shown 
in Fig. l(a). Now through V draw a vertical 
line to represent the vertical plane and 
through H draw a horizontal line to represent 
the horizontal plane. These lines will inter- 
sect on the circle at a point P which is the 
pole. Any line through P, such as PM, will 
cut the circle at a point (M) whose co- 
ordinates give the stress components on 
planes in the material parallel to PM, 
(e.g. MM in Fig. 1(a)). PA and PB therefore 
give the directions of the principal planes. 

The pole P may be used to represent the 
bottom right-hand corner of the element 
and this leads to the following construction 
for drawing the circle in direct relation to the 
element. Draw a small diagram of the 
element and its applied stress system as in 
Fig. 2 and mark the bottom right-hand 
corner as the pole P. Set down PD=q, 
in the opposite direction to g,, thus locating 
the f axis. Draw DO=f, in the opposite 
direction to f,, locating the origin and the 
q axis. Mark out OF=f, and bisect ED at 


C to get the centre of the circle. Draw the 
circle with radius CP. Join PA and PB to 
get the principal planes. The principal 
stresses OA and OB may be scaled as usual. 
This construction emphasises the relation- 
ship between the circle and the element and 
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Fig. 2—Construction of stress circle from pole 


shows the principal or other planes in direct 
relation to the applied stress system. 


STRAIN ANALYSIS 


For a strain circle the pole is located in a 
similar manner. Let the strain circle be 
drawn as in Fig. 3(b) by plotting the points 
V and H having as co-ordinates respectively 
the strain components relevant to the vertical 
and horizontal planes of the element as shown 
in Fig. 3(a@). Then a vertical line through 
V and a horizontal line through H will 
intersect on the circle at the pole P and any 
line through P such as PM will cut the circle 
at a point (M) which gives the linear and semi- 
shear strains for planes parallel to PM, 
(e.g. MM in Fig. 3(a)). Thus PA and PB 
give the directions of the principal planes. 

An important practical application of the 
strain circle is to determine the principal 
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Fig. 3—Strain circle. Location of pole 


planes and strains from three linear strains 
at a point, measured by an electrical strain 
gauge rosette, the shear strains being un- 
known. For this the following graphical 
constructions based on the pole may be used. 
These derive from constructions given 
by Meier* and Hansen* but use the 
properties of the pole to locate the circle 
and obtain the directions of planes. For the 
general case of a three-gauge rosette, draw 
the pole P (Fig. 4) and let it represent the 
point of attachment of the rosette. Show the 
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three measured strains e,, ¢, and e, emanating 
from P as arrows. Also draw the planes 
2-2, 3-3 at right angles to és, és, respectively, 
Draw PD=e, horizontally in the opposite 
direction to e,, thus locating the ¢/2 axis, 
Mark out DE=e, and draw EH vertically 
to cut 2-2 at H. Then H will be a point on 
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Fig. 4—Construction of strain circle from pole when 
three linear strains are known 


the circle giving the strain components on 
plane 2-2. Mark out DJ=e, and draw JK 
vertically to cut 3-3 at K. Then K will bea 
point on the circle giving the strain com- 
ponents on plane 3-3. Since P, H and K 
must all lie on the circle, the centre C is 
found by the intersection of the perpendicular 
bisectors of KH and HP. C also locates thee 
axis. Having drawn the circle with radius 
CP, the principal planes PA and PB may be 
drawn and are seen in direct relation to the 
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Fig. 5—Construction of strain circle from pole for 
rectangular gauge rosette 


measured strains. The principal strains OA 
and OB may be scaled as usual. 

For the particular case of the rectangular 
gauge rosette where e, is at 45 deg. to ¢ 
and e, is at 90 deg. to e,, the construction 
may be simplified as follows. Mark the 


‘pole P and show the measured strains ¢,, 


€:, @,; emanating from it as arrows as in 
Fig. 5. Draw PD=e, horizontally in the 
opposite direction to e,, locating the ¢/2 
axis. Mark out DE=e, and draw EC 
indefinitely at 45 deg., parallel to eg. Mark 
out DJ=e;, bisect JP at L and draw LC 
vertically to cut EC at C. C is then the 
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Fig. 6—Area moment circle. Location of pole 
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oe i Se oe ee oe 2 ee - 
dicular bisector of JP and EC is the per- 
pendicular bisector of HIP, The circle may 
now be drawn with radius CP, and the e 
axis may be shown. The principal planes are 
located by PA and PB and the principal 
strains OA and OB may be scaled. 


SECOND MOMENT ANALYSIS 


The pole of an area moment circle may be 
located as follows. Let the circle be drawn 
as in Fig. 6(6) by plotting points ¥ and Y 
whose co-ordinates, respectively, are the 
second moments and product moments of 














E Y 
€ 
2 
3 is 
« \ or 
g 
* te. ae 
v\ -~ ]U Second Moment 
ole 
xX rat 
x 
—~G 
—~ (MIS 
v3. 
oe 


Fig. 7—Construction of area moment circle from 
pole when Ixx, Iyy and Ixy are known 


area relevant to the horizontal and vertical 
conjugate axes XX and YY through the 
centroid of the given area shown in Fig. 6(a). 
Then a line through X parallel to XX and a 
line through Y parallel to YY will intersect 
on the circle at the pole P. Then any line 
through P, such as PM, will cut the circle 
at a point (M) whose co-ordinates give the 
second moment and product moment rele- 
vant to an axis through G parallel to the 
line PM, i.e. axis MM in Fig. 6(a). Thus, 
PU and PV give the directions of the prin- 
cipal axes UU and VV, UU being the minor 
axis about which the second moment is a 
maximum (Jm=OU) and VV being the 
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onstruction 
pole when Ixx, Iww and Iyy are known 


major axis about which the second moment 
is a minimum (/,,=OV). 

The pole may be regarded as the centroid 
of the area and this leads to the following 
construction, shown in Fig. 7, for drawing 
the circle in direct relation to the given 
axes, when J;z, Jy, and J, are known. 
Draw the centroid G and use it as the pole P. 
Draw the given axes XX, YY passing through 
it. Mark out GD=I,, vertically, upwards 
if negative, downwards if positive. This 
locates the second moment axis. Set back 
DO=Iy horizontally to the left, locating 
the origin and product moment axis. Mark 


out OF=J,, and bisect DE at C to get the 
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centre of the circle. Draw the circle with 
tadius CG. Join GU and GV to get the 
principal axes which are seen in direct 
relation to the given axes. The principal 
moments OU and OV may be scaled as 
usual. The construction may conveniently 
be carried out on a drawing of the actual area 
concerned. 

It is often preferable to use the three non- 
principal second moments Jzz, Iw and Jy 
to determine the principal axes and moments, 
XX, YY being conjugate axes with WW 
between them at 45 deg. This avoids the 
determination of the product moment. A 
construction on similar lines to the strain 
circle construction of Fig. 5 may be used 
for this case and is given in Fig. 8, which 
illustrates its application to a structural angle 
section. Plot the centroid G and use it as the 
pole P. Draw the three given axes XX, 
WW, YY through it. Set back GD=1,, 
horizontally to the left, locating the product 
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moment axis. Mark out DE=I,» and draw 
EC indefinitely at 45 deg., at right angles to 
WW. Mark out DF=I,,, bisect GF at L 
and draw LC vertically to cut EC at C. Cis 
then the centre of the circle and also locates 
the second moment axis. Draw the circle 
with radius CG. The principal axes GU and 
GV may now be drawn and the principal 
moments OU and OV scaled. 

These constructions also operate if the 
axes are through a point other than the 
centroid. The centroid has been used in 
the illustrations as it is the most usual case. 
The constructions are, of course, applicable 
not only to the area properties of structural 
sections but also to the mass moments of 
inertia of laminas. 
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United Kingdom Atomic Energy 
Authority 


FIRST ANNUAL REPORT, 1954-55 


The first annual report of the United Kingdom Atomic Energy Authority, which 
was published recently, covers the period from July 19, 1954, when the Authority 
came into being, until March 31, 1955. In this period the two main developments 
were the publication of the Government’s Nuclear Power Programme (Cmd. 
9389) and the Defence White Paper (Cmd. 9391), including the announcement of 
the decision to proceed with the development and production of thermonuclear 
weapons. The report mentions the difficulty of recruiting and retaining sufficient 
skilled scientists, engineers and craftsmen to carry out the Authority's expanding 
programme. In the following abstracts from the report we have recapitulated 
by including, for the sake of completeness, some background information about 
the scientific and industrial processes carried out at the Authority’s establishments. 


A= the end, of the war, responsibility for 
work on atomic energy was transferred from 
the Department of Scientific and Industrial 
Research to the Ministry of Supply. This 
arrangement was given statutory form in the 
Atomic Energy Act, 1946, and continued in force 
until January 1, 1954, when, by an Order in 
Council, transfer of functions was made from 
the Minister of Supply to the Lord President of 
the Council. 

The United Kingdom Atomic Energy Authority 
came into being on July 19, 1954, under the 
provisions of the Atomic Energy: Authority Act, 
1954, and took over the existing establishments 
on August 1, 1954. 

The Atomic Energy Authority Act provides 
that the Authority shall consist of a chairman 
and not less than seven nor more than ten other 
members, all of whom are to be appointed by the 
Lord President. The chairman is Sir Edwi 
Plowden, K.C.B., K.B.E., and there are at present 
seven* other members, namely, Sir John Cock- 
croft (Member for Scientific Research), Sir 
Christopher Hinton (Member for Engineering 
and Production), Sir William Penney (Member 
for Weapons Research and Development), Sir 
Donald Perrott (Member for Finance and 
Administration) ; there are also three part-time 
members, the Rt. Hon. Lord Cherwell, Sir Luke 
Fawcett, Sir Ivan Stedeford. The secretary of 
the Authority is Mr. D. E. H. Peirson. The full- 
time members of the Authority, together with 
the chairman, form a Management Committee 
known as the Atomic Energy Executive. The 
functions of the Authority cover the whole field 
of atomic energy and radioactive substances. 

The Authority differs from other nationalised 
undertakings, in that it depends for its funds 
upon money voted by Parliament. This money 
is paid to the Authority by the Office of the Lord 
President (Atomic Energy), subject to Treasury 
consent. It is paid, not as a lump sum, but 
rr : Ny Sy ~~ 4 17, 1985, 
. W. a ted as full- 
and Sir Rowland Smith and Mr. C. F. Kearton 
part-time members. 





under a number of subheads, and excesses on any 
one of these can be met from savings on other 
subheads only with Treasury consent. One 
other source of revenue which should be men- 
tioned is the sale of natural and artificial radio- 
active isotopes to customers in Britain and many 
other countries throughout the world. 

Estimate, 1954-55.—The Estimate for the 
financial year 1954-55 was presented to Parlia- 
ment in February, 1954. This was for a net 
total of £53,675,000 to cover “ the salaries and 
expenses of the Office of the Lord President of 
the Council (Atomic Energy Department) for 
the administration of the supply of atomic energy 
and radioactive substances.” 

Estimate, 1955-56.—An Estimate of the 
Authority’s expenditure in 1955-56 was pre- 
sented to Parliament on February 17, 1955, and 
showed a total of £50,562,000 as the net sum 
required. 

Uranium Fabrication —When uranium arrives 
in this country as an ore or concentrate it is sent 
to the Springfields factory of the Industrial 
Group. The operations carried out there to \ 
produce uranium metal can be divided broadly 
into three stages : first there is an ore crushing 
and multiple purification process leading to 
ammonium diuranate ; then the diuranate is 
converted to uranium tetrafluoride in the 
“ Dryway” plant ; finally the tetrafluoride is 
reduced to metal billets by mixing it with calcium 
and firing it in a mould.f 

The Springfields plant was constructed at the 
end of the war to meet an urgent military require- 
ment for the plutonium which is produced from 
uranium. As a result of this urgency the transi- 
tion from test tube experiment to pilot plant 
operation and forward to full-scale production 
had to be telescoped: This has meant that 
although the factory has worked satisfactorily 
it is capable of improvement at all stages. The 
initiation of the nuclear power programme will 
involve a great increase in the amount of 
uranium processed and the creation of capacity 


+ From Australia the Authority also obtains beryllium, which 
is used for research purposes in connection with nuclear reactors. 
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for this higher throughput will be used as an 
opportunity to improve the whole process. 

Production of Fissile Material—There are 
three known fissile isotopes, uranium 233 and 
235, and plutonium 239 ; of these only uranium 
235 occurs naturally, the others being produced 
by the action of neutrons on thorium 232 and 
uranium 238 respectively when they are irradiated 
in reactors. Natural uranium contains only 
0-7 per cent of the 235 isotope and to obtain 
this fissile material in concentrated form it has 
to be separated from the remainder, which con- 
sists of the 238 isotope. This is extremely 
difficult, since they are chemically identical. 
The method used is diffusion through a porous 
membrane, which makes use of the different 
rates of diffusion of the two isotopes due to their 
different masses. For this a gaseous compound 
of uranium is needed and the only suitable one 
is uranium hexafluoride. The diffusion process 
is carried out at Capenhurst Works, near Chester. 

To produce the artificial fissile material, 
plutonium 239, natural uranium fuel elements 
are put into the reactors at Windscale. Here 
some of the uranium 235 is consumed and some 
of the uranium 238 is converted to plutonium 
239. As a result the proportion of the 235 atoms 
is somewhat decreased but the irradiated material 
still contains a good deal of this fissile isotope, 
though not enough to keep a chain reaction going 
in the piles. To enable it to be used again a low 
separation diffusion plant has been built at 
Capenhurst in addition to the main plant, and in 
this the uranium which has been depleted in its 
fissile content can be restored to its original con- 
stitution by carrying out a partial ‘separation 
from the uranium 238 atoms. This permits much 
greater economy in the use of uranium, since 
the restored material can be put through the 
pile again and used to produce more plutonium 
instead of being unusable. This low separation 
plant has worked satisfactorily during the period 
covered by the report. 

The piles at Windscale have worked efficiently 
during the period and the planned amount of 
plutonium has been produced. One interesting 
development has been the use of a television 
camera, which was lowered into a part of the pile 
where the activity was too great to permit access, 
in order to investigate the conditions of the 
structure. Photographs were taken of the 
pictures on the screen and these gave the engineers 
a permanent record of what they saw. Certain 
minor defects were discovered and methods are 
being devised to rectify them. 

The primary separation plant at Windscale 
has also worked without trouble. This is the 
plant where, first, the irradiated cartridges are 
dissolved in acid, then the highly active fission 
products are removed from the solution, and 
finally, the plutonium is separated from the 
residual uranium. It is noteworthy that although 
this plant was built on the assumption that once 
it had started working nobody would be able to 
enter it again on account of the activity, the 
factory staff have succeeded in devising methods 
of decontamination which allow access for limited 

i This has made possible a number of 
modifications which have increased the capacity 
of the plant. 

From the primary separation plant the 
plutonium-bearing solution has to pass through 
further purification stages before it is produced 
asa metal. For this purpose a new and improved 
plant has been constructed and has been brought 
successfully into use. 

Uranium 233 (from Thorium).—The fissile 
isotope, uranium 233, is made by the neutron 
bombardment of thorium. Thorium is a reason- 
ably abundant raw material and no undue diffi- 
culty is foreseen in procuring the supplies that 
will be needed in the future. Research is being 
carried out by A.E.R.E. and by the Research and 
Development Branch of the Industrial Group to 
improve knowledge of thorium and of the pro- 
duction of uranium 233. A pilot plant has been 
used to process several tons of irradiated thorium 
for the extraction of uranium 233 for use in 
experimental work. 

Heavy Water.—Heavy water is a possible 
moderator and/or coolant for more than one 
type of reactor, and its use facilitates a number 
of developments in reactor technique. Natural 
water contains about 0-015 per cent of heavy 
water, and it has been known for a long time that 
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distillation can be used to separate the “ light ”’ 
and “‘ heavy ” water. To do this on a commercial 
scale large quantities of heat are required and 
heavy capital expenditure is necessary. Con- 
ventional distillation columns and heat derived 
from coal-fired boilers lead to such high costs 
that water distillation is at present uneconomic 
in this country. However, if there is a low-cost 
source of steam, and if the plant cost can be 
reduced by the development of high efficiency 
distillation equipment, it is possible to obtain 
heavy water at an attractive price. 

These conditions can be fulfilled. Geothermal 
steam in New Zealand offers a source of low- 
cost steam ; and experimental work at A.E.R.E. 
has led to the development of distillation column 
packing of such high capacity that the capital 
cost could be brought down nearly to half that 
which would be incurred with a conventional 
“ bubble-cap”’ type of packing. The new 
packing is known as “ Spraypak.”’ It has more- 
over been found practicable to combine a distilla- 
tion plant with a steam-driven turbo-generator 
station ; this can be done in such a way that 
about one-third of the energy in the steam is used 
for distillation and the remaining two-thirds for 
the generation of electricity. 

The scheme for a combined heavy water 
distillation and electricity generating station was 
discussed with the New Zealand Government, 
who had already been considering plans for the 
harnessing of geothermal steam to power pro- 
duction. Towards the end of 1954 an agreement 
was signed between the New Zealand Govern- 
ment and the Authority whereby a joint company, 
Geothermal Development, Ltd., was set up with 
the object of building a plant at Wairakei in the 
geothermal region of the North Island. The 
capital cost of this plant is estimated at £6,000,000, 
of which £2,000,000 will be provided by the 
Authority for the heavy water plant and 
£4,000,000 by the New Zealand Government for 
the electrical power equipment. It is expected 
that the first heavy water will be produced from 
it towards the end of 1957, and that electrical 
power generation will follow a few months later. 
The heavy water will be bought by the Authority. 
Meanwhile supplies have been obtained from 
Norway and some further quantities are to be 
purchased from U.S.A. 


REACTOR CONSTRUCTION AND DEVELOPMENT 


Reactors Under Construction : Calder Hall.— 
One of the major items in the Authority’s capital 
expenditure has been the continued construction 
of the prototype power station and factory at 
Calder Hall. As originally planned this factory 
will have two reactors,t the heat from which 
will be used to produce steam to drive turbo- 
alternators ; the generated electricity will then 
be fed into the Central Electricity Authority’s 
distribution system. The reactors, which are 
graphite-moderated and cooled by carbon 
dioxide under pressure, will also produce 
plutonium for military purposes. 

The turbine hall had nearly been completed 
at March 31, 1955, and the installation of equip- 
ment had begun. The first cooling tower had 
reached a height of 126ft. The Authority expects 
that by 1957 it will be supplying electricity 
from Calder Hall to the C.E.A. 

Dounreay.—The Dounreay establishment in 
the extreme north of Scotland is intended to 
house several reactors. of experimental or 
advanced types, together with the plants for 
fabricating their fuel elements and treating them 
after irradiation. The first commitment there— 
the construction of a fast “ breeder ’’ reactor— 
had begun by the end of March, 1955. 

The breeder reactor will use highly enriched 
fuel, either uranium 235 or plutonium ; there is 
no moderator and therefore the core is very 
small. In order to remove the heat from this 
small volume it is necessary to use a liquid metal 
as coolant. Surrounding the core is a “‘ breeder 
blanket ’’ which will consist of cartridges con- 
taining either uranium 238 or thorium, and the 
spare neutrons from the reaction in the core will 
convert the “ fertile ’’ materials in this blanket 
into fissile material—plutonium, in the case of 
uranium 238, or uranium 233, in the case of 
thorium. In this way it is expected that more 

t: Since the end of the period covered by this report it has been 


that two more reactors are to. be built at Calder Hall 
and four at Annan, Dumfriesshire. 
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fissile material will be produced than is consumed 
in the reactor. 

Owing to the small core size, there is a risk 
that an accident in the reactor might lead to a 
rapid rise in temperature which, in turn, might 
cause the melting of the fuel elements. If this 
should happen there might be an escape of fission 
products from the core. To prevent these from 
being dispersed outside the reactor, it will be 
enclosed in a steel sphere about 140ft in diameter, 
The foundations for this sphere were being laid 
at the end of the period under review ; fabrica. 
tion of the sections for the shell itself had also 
started. 

Reactor Research.—Preliminary investigations 
of light-water reactors began at A.E.R.E. several 
years ago with the examination of possible 
experimental systems on a small scale. This 
work has subsequently extended to a survey of 
schemes whereby power might be produced as 
economically as possible in units each produc. 
ing 100MW or more of electricity. Early in 
1954 it was decided to proceed to the next stage 
of a detailed design study now known as LEO 
(Low Enrichment Ordinary Water). This work 
is still in progress. 

The design study of LEO is being carried out 
at Harwell by A.E.R.E. in collaboration with 
the Industrial Group of the Atomic Energy 
Authority, Babcock and Wilcox, and the English 
Electric Company. A _ representative of the 
Central Electricity Authority has been acting 
as a consultant. 

Among the new types being studied is the 
homogeneous reactor. In this, the fuel is used 
in the form of a solution or fluid suspension, 
instead of solid metal rods. The solvent is the 
moderator and cooling is achieved by circulating 
the whole solution. 

Studies are also being carried out on liquid 
metal slurry systems in which the fissile material 
is dissolved, or carried in particles, in some liquid 
metal. Both the homogeneous and slurry systems 
offer a number of advantages over the solid fuel 
type of reactor. Among others they do away 
with the need for fabricating cartridges, and they 
make it possible to achieve greater utilisation 
of the fuel by continuous removal of fission 
product poisons. 


THE PROGRAMME FOR NUCLEAR POWER 


The provisional programme§ is for the con- 
struction of twelve nuclear power stations 
during the next ten years. The programme caters 
for two stations to be started in 1957 which 
should come into operation in 1960-61. These 
would be followed by two more stations which 
would be started about eighteen months later. 
Each of the four stations would use two gas- 
cooled graphite-moderated reactors (improved 
versions of the Calder Hall type), and by 1963, 
when all should be in operation, they would 
have a total output of between 400MW and 
800MW. 

The construction of another four stations 
might start in 1960 and be followed by a further 
four eighteen months later. These might be 
expected to come into operation in 1963-64, and 
in 1965 ; some of the last four might perhaps 
use more advanced reactors of the liquid-cooled 
type. The total installed capacity of these eight 
stations should be well over 1OOOMW. 

The White Paper also gave some indication of 
the way in which nuclear power might develop 
in the years after 1965. Any such forecasts 
are necessarily most uncertain, but if all went well 
it might be practicable, by the early 1970s, to 
expand the rate of construction of nuclear power 
stations to match the total United Kingdom 
requirement for new generating capacity which 
by that time might amount to 3000MW a year. 
On this assumption the total nuclear capacity 
installed by 1975 would be of the order of 
10-15,000MW, the whole of which could be used 
for base-load operation. The nuclear power 
stations would then be producing electricity at 
an annual rate equivalent to that produced by 
40,000,000 tons of coal. ; 

Although the Authority’s general function 
covers the whole field of atomic energy, there is a 
specific limitation set in the matter of nuclear 
power. On July 29, 1954, the Lord President 
issued a direction to the Authority that the 


ite Paper (Cmd. 9389, “A Programme of Nuclear 
Power} presented to Parliament in February, 1955. 
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production of power from nuclear energy on a 
commercial basis was to be carried out by the 
electricity authorities. The stations proposed 
will be built by private industry for these autho- 
rities who will own and operate them. The 
Atomic Energy Authority’s part in the pro- 
gramme will be the responsibility for giving 
technical advice on the nuclear plant. They will 
also have to give considerable help in the training 
of the staff of industrial firms and consulting 
engineers. This work began during the period 
under review. 

Collaboration with Industry.—The power pro- 

amme is backed by a collaboration scheme 
with the Central Electricity Authority and with 
industry. A substantial number of engineers 
from the staffs of the C.E.A., of consulting 
engineers, and of several heavy electrical plant 
manufacturers, boiler makers and other firms are 
engaged in this scheme and on the design of 
improved versions of the Calder Hall reactors. 
The industrial firms concerned have been formed 
into four teams each led by one of the heavy 
electrical plant manufacturers, namely : Asso- 
ciated Electrical Industries ; General Electric 
Company, Ltd.; English Electric Company, 
Ltd. ; C. A. Parsons and Co., Ltd. 

A.E.R.E. Reactor School.—The training aspect 
of the Authority’s responsibility is exemplified 
by the reactor school at Harwell. The reactor 
school was formally opened on September 26, 
1954, and during the following six months it gave 
instruction to a total of eighty-two students. Of 
these thirty-two came from the four industrial 
teams, nine from the C.E.A., and the remainder 
from various industrial organisations connected 
with the nuclear power programme. Each course 
includes about ninety lectures over a period of 
twelve weeks, together with practical work, 
colloquia, and tutorials. The emphasis of the 
course is on the gas-cooled graphite-moderated 
natural uranium reactor. 


THE ISOTOPE PROGRAMME 


The production and distribution of radioactive 
materials derived from reactors in the United 
Kingdom is the joint responsibility of the Isotope 
Division at Harwell and the Radiochemical 
Centre at Amersham, both within the Research 
Group ; and the Industrial Group is now also 
taking part in one of the larger chemical opera- 
tions. To foster the uses of these materials, there 
are the Isotope School at Harwell and advisory 
services at both the Radiochemical Centre and 
Harwell. 

Since British radioisotopes first became avail- 
able on a substantial scale in 1948, when the 
BEPO reactor started operation, the work of 
production and distribution has developed into a 
considerable business whose scope is now world- 
wide. The combined output during the year 
ending March 31, 1955, was 18,835 consign- 
ments, an increase of 16 per cent over the calendar 
year 1953. Of this total 35-6 per cent was 
exported, and the main buyers were the United 
States, Canada, France,-Germany and Sweden ; 
some forty countries in all used British isotopes 
last year. : 

The value of the radioactive products sold 
during the year ending March 31, 1955, was 
about £450,000. 

The most powerful sources so far produced 


have been of cobalt 60. But for kilocurie amounts | 


of isotopes, such as are now envisaged in some 
medical and industrial applications, the source 
will be fission products. Up to the present time 
these materials, which have been accumulating 
in the form of residual solutions from the 
extraction of plutonium, have been a liability ; 
their intense radioactivity makes it necessary to 
provide permanent and costly storage for them. 
Fission products contain some twenty elements 
in the middle section of the periodic table, 
including the rare earths, and complete separation 
of them on an industrial scale would be a for- 
midable problem. However, only two of them 
are of considerable importance so far, cesium 137 
and strontium 90, and a pilot plant for separating 
these two on the scale of about 100 curies per 
annum has been operating at Amersham. Based 
on this experience the Research and Develop- 
ment Branch at Windscale is now constructing a 
plant which is designed to produce concentrated 
sources of these elements with activities in the 
region of 1000 curies. The first kilocurie source 
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of cesium 137 will be sent, during the second 
half of 1955, to the Royal (Cancer) Marsden 
Hospital in London, where it will be used for 
radiotherapy. Such units are expected to have 
considerable technical and economic advantages 
over the orthodox X-ray machines, and in time 
they will probably replace them. 

The separation of fission products on this large 
scale will also contribute in time to a solution of 
the problem of waste disposal, for the isotopes 
cesium 137 and strontium 90 are the ones that 
make permanent storage necessary on account 
of their long life. If they could be removed 
completely the remainder of the fission products 
would decay within a reasonable time and when 
the activity had reached a safe level they could 
be discharged to sea. 

Although the use of separated fission products 
at the kilocurie level is still only in prospect, 
there has been a marked increase in the use of 
smaller amounts for industrial and medical 
purposes. To meet this demand much effort 
has been devoted to the design and manufacture 
of radiation sources in which the fission product 
isotopes can be used in a form that is both safe 
and efficient. The improved supply of high- 
quality beta-ray sources has enabled British 
manufacturers to gain some big orders for 
electronic equipment, and several hundred thick- 
ness gauges have been exported. Foils containing 
the beta-emitter strontium 90 are now being 
used on a considerable scale in the textile industry 
for eliminating troubles arising from static 
electricity in the weaving of artificial fibres. 
Similarly, the gamma-emitting isotope cesium 
137 is coming into use for industrial radiography 
now that it can be supplied in capsules for this 
purpose. 

Those engaged in biological researches are 
still the predominant users of labelled compounds, 
but the radioactive tracer method is of wide 
application and there is now evidence of a grow- 
ing interest within industry generally. The 
number of laboratories in the United Kingdom 
now using tracer methods is thought to be about 
100. Some typical applications are to be found 
in the technology of detergents and other surface 
active compounds, of petroleum fuels, and in 
the manufacture and use of systemic insecticides. 


THE WEAPONS PROGRAMME 


During the period under review the Authority 
fulfilled the directives of Her Majesty’s Govern- 
ment concerning research and development on 
atomic warheads and the production of fissile 
material. The Defence White Paper (Cmd. 
9391) announced the Government’s decision to 
proceed with the development and production of 
thermonuclear weapons. 


PROGRESS IN RESEARCH 


Physics.—Since the particles actuating reactors 
are neutrons arising from atomic fission and 
producing further fissions and further fissionable 
atoms, much research must be carried out to 
determine the exact nature of the interactions of 
neutrons of different speeds with a variety of 
elements. To extend the facilities available for 
this purpose a novel and much more powerful 
source of neutrons for use in the laboratory 
(the “‘ neutron project ’’) is being developed at 
A.E.R.E, in which the multiplying effect of a 
uranium target bombarded by neutrons resulting 
from a powerful pulsating electron beam 
(25MeV at 1A) is used to enable measurements 
to be extended and made more accurate. The 
first stage of a working equipment is to be 
installed in the autumn of 1956. 

The Authority consider it essential also to 
foster a programme of fundamental research 
into the study of the unresolved problem of the 
forces which bind together the elementary 
particles in atomic nuclei. Consideration is now 
being given to the design of a new machine which 
will provide for this country, in association with 
the universities, a facility which is seriously 
needed to keep us in the forefront. The exact 
form that this new accelerator will take has not 
yet been decided and awaits the results of com- 
plex calculations. The machine most exhaustively 
studied has been a 600 million volt proton 
linear accelerator, of which a 50 million volt 
pilot section is under construction. But in 
view of the rapid advances being made in the 
field of high energy particle acceleration it has 
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been decided to examine the problems involved 
in the design and construction of machines of 
still higher energy before proceeding further. 

Chemistry and Chemical Engineering.—This 
growing field of radiation chemistry, in which 
major chemical changes can be produced without _ 
changes in temperature or pressure, requires 
intensive exploration. Studies have shown that 
important chemical and structural changes can 
be brought about in materials irradiated by 
powerful radioactive sources. Amongst these 
are improvements in the heat resistance and other 
physical properties of plastics and in the pro- 
perties of lubricating oils. These investigations 
may well lead to a further large industrial demand 
for the separated fission products referred to 
above, to which must be added their probable 
employment in the sterilisation of food and of 
food wrappings and containers.|| 

From the many fundamental chemical investi- 
gations being undertaken have come some 
valuable new scientific techniques and new 
instruments of general application. One example 
is the extremely sensitive analytical technique of 
raQioactivation, in which the amounts of minute 
traces of impurities can be determined by exposing 
the material in a reactor and converting these 
impurities into radioactive forms. They can then 
be identified and measured by the rays they 
subsequently emit. 

Research in technical chemistry and in chemical 
engineering is fairly evenly divided between the 
three main groups of the Authority, the longer 
range studies being mainly carried out at A.E.R.E. 
The research and development branch of the 
industrial group has dealt successfully with the 
development of new solvent processes for the 
extraction of uranium from its ores and with the 
application of the so-called “ fluidised bed” 
technique to the processes used in the industrial 
group. Essentially this technique facilitates 
chemical reaction between a solid and a liquid or 
gas by using the solid in the form of a bed of 
finely divided particles through which the second 
material is blown and which owing to its finely 
divide 1 state behaves like a fluid. 

Provesses for the extraction of metals from 
low-grade ores are studied at a section of the 
Chemical Research Laboratory of the D.S.I.R. at 
Teddington, mineral dressing work is done at 
Harwell and the development of methods for the 
production of uranium metal is carried out 
mainly in Springfields. 

Metallurgy.—Metallurgical research in the 
Authority begins with the extraction of metals 
from the ore: then follow the fabrication of 
metals, alloys and ceramics and determination of 
their physical and chemical properties; the 
effects of irradiation on materials, particularly 
the fuels of reactors, and the high-temperature 
processing of irradiated fuels. In each of these 
fields developments can have a _ profound 
influence on the economics of nuclear power, on 
the ease with which reactors can be operated and 
on their safety. 

Although existing methods for producing the 
metallic materials of atomic energy have served 
well, there is a continuing search for cheaper 
processes which will yield metals of superior 
quality. During the past year a new method 
using only cheap chemicals and simple equip- 
ment, in which the oxides of uranium, thorium 
or beryllium are converted to the appropriate 
chlorides, from which in turn the metal can be 
extracted, has been tried on a pilot scale with 
success. By changing the conditions of reduction 
the metals can be obtained in the form of 
powders of varying shape and size, which affords 
the metallurgist some freedom and flexibility 
in fabrication and provides the engineer with 
materials whose properties can be modified. 

Solid fuel elements are at present used in most 
reactors but have other disadvantages besides 
their susceptibility to irradiation damage. Their 
charge and discharge from the reactor compli- 
cates engineering design and the cost of processing 
them before and after irradiation is a significant 
item in nuclear power economics. These dis- 
advantages might be avoided if the fuel could be 
liquid at operating temperatures. Uranium and 
plutonium solutions in molten bismuth, lead and 
other metals are known ; these solutions are, 


|| To provide further facilities for the practical application of 
i and to assist industry with advice and tests, a Techno- 
logical Irradiation Group was established as part of the Isotopes 
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however, dilute and increased concentrations can 
only be achieved by using mixtures known as 
slurries. These, although not true liquids, 
behave like fluids under certain conditions and 
may be of interest in future reactor designs. The 
growth, settling and distribution of the solid 
particles of a slurry and their interaction with the 
liquid medium are therefore under continued study. 

Solid fuels, however, need not be metallic and 
ceramic compounds with high melting points 
(about 3000 deg. Cent.) are of some interest. 
These are generally brittle and methods of making 
them more resistant to shock are being studied. 
This may be done by preparing cermets, i.e. 
mixtures of metals and ceramics appropriately 
distributed. Some interesting possibilities are 
uranium-thoria, silicon-uranium oxide and 
uranium-uranium carbide. 

Electronics——An example of one of the more 
elaborate applications of electronics is afforded 
by the electronic analogue computer being 
developed at A.E.R.E. to simulate the operation 
of a large atomic power station by showing 
directly and so without the need for elaborate 
calculation how the essential factors invo 
change with time and interact with one another. 
With this machine it is hoped to be able to 
predict the performance of such a station under 
very varied conditions and to study the effects of 
alterations in design. 


WASTE DISPOSAL 


Under the provisions of the 1954 Act the 
disposal of radioactive waste can take place only 
with the prior authorisation of the Minister of 
Housing and Local Government and the-Minister 
of Agriculture, Fisheries, and Food. These 
Ministers have the power to appoint inspectors, 
who have the right of entry to see that the 
authorisations are complied with. 

The recommendations of the International 
Commission on Radiological Protection and of 
the Medical Research Council have been taken 
as a basis for fixing the authorised discharges. 
These bodies have recommended maximum per- 
missible levels for exposure to radiation and for 
radioactivity in air, drinking water and the 
human body. The levels have been arrived at 
from extensive experimental work in many 
countries and from more than fifty years’ 
practical experience with X-rays and radium ; 
the Commission has said that exposure to these 
levels “is not expected to cause appreciable 
bodily injury to a person at any time during his 
lifetime.” These levels are intended to apply to 
persons exposed to radiation during the course 
of their job, and the Commission has recom- 
mended that where large populations are exposed 
to radioactivity a further safety factor of 10 
should be applied in order to ensure complete 
protection to the general public. 

Another margin of safety is provided by the 
fact that some of the agreements on the discharge 
of radioactive waste, having been negotiated 
several years ago, are based on the even more 
rigorous safety factors that were then considered 
desirable. For instance, when radioactivity is 
discharged into the River Thames, which is one 
of the main sources of London’s drinking water, 
the Medical Research Council has recommended 
a safety factor of 100 coupled with the require- 
ment that the specification must be met at the 
point of entry and not at the point of withdrawal. 
These recommendations have always been 
complied with. 

The precautions taken are such. that there 
can be no conceivable hazard to human beings, 
agriculture or fisheries. In most of the methods 
used the factor of safety can be shown by calcula- 
tion to be very large indeed, and entails consider- 
able expenditure. Efforts have therefore been 
made to find cheaper methods of safe dispesal 
(as, for instance, by carefully controlled burial 
rather than by discharge to sea), and there is 
undoubtedly room for further development in 
this direction. 

With regard to the future, intensive research 
on manipulation, chemical separation, storage 
and disposal of fission product waste has already 
shown that no insuperable difficulties will be 
encountered with the progress of the nuclear 
power programme. ; 

STAFF 

It has been necessary for the Authority to 

devote a great deal of effort to the problem of 
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recruitment. Despite this considerable diversion 
of effort, the net increase in the Authority’s labour 
force is disappointing, and two conclusions are 
unavoidable : (a) There is a serious national 
shortage of most types of scientists and engineers 
and of many technical and craft grades; (bd) 
the Authority have not the same freedom of 
movement as industry in the matter of salaries. 

An organisation expanding at a normal rate 
trains its future managers and executives from 
among its own staff. The Authority are doing 
this to the utmost extent possible ; but the weight 
of new commitments has forced them to look 
outside for a large number of senior staff, and 
it is not easy to attract men who have long settled 
in other employment and most of whom would 
have to sacrifice valuable pension rights on 
changing jobs. 

This difficulty is to be expected. The Autho- 
rity’s difficulty in recruiting the younger engineers 
and technicians who are needed to form the base 
of the pyramid to-day and to provide the leaders 
in years to come is more disquieting. In the 
Industrial Group in particular, recruitment of 
professional and scientific staff has done no more, 
over the last eighteen months, than keep pace 
with wastage ; there has been no increase in 
manpower to match the increased programmes, 
both civil and military. Inadequacy of staff is 
a constant threat to the achievement of the 
Authority’s programmes, and there is always the 
fear that even if the dates are achieved (as so far 
they have been) details will have been skimped 
that will be the cause of operating troubles for 
the future. 





Diesel Mechanical Shunting 
Locomotives 


TEN 240 b.h.p. diesel-mechanical shunting 
locomotives are being built by W. G. Bagnall, 
Ltd., of Stafford, for the New Zealand Govern- 
ment Railways. These 3ft 6in gauge locomotives 
have an 0-6-0 wheel arrangement and one of the 
first to be completed is illustrated on this page. 
In full working order a locomotive weighs 
30 tons and the adhesion factor is 4-1 to 1. 





240 b.h.p. diesel-mechanical 


The i+in thick mild steel side frames of the 
locomotive are rigidly braced together by welded 
cross stays secured to the frames by riveting. 
At each end 2}in thick buffer beams, fitted with 
“Janney”’’ yoke buffing and drawgear, are 
secured to the frame by riveted angle plates. 
Cast steel axlebox guides are mounted on the 
frame plates by fitted bolts and fitted with 
renewable manganese steel liners. The axleboxes 
of cast steel have S.K.F. spherical roller bearings 
and are carried by underslung springs. The 
hangers for the springs incorporate means of 
screw adjustment to compensate for up to I4in 
tyre wear and maintain the buffer centre line at 
2ft 54in from the rail. 

The engine is carried on a fabricated bed- 
plate resiliently supported through four “ Silent- 


shunting locomotive for the New Zealand 
Government Railways 
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bloc” bushes between the frame stays, and this 
bed-plate is extended rearwards to carry a fluid 
coupling outboard bearing. The National 
six-cylinder, four-stroke, direct-injection engine 
is designed to develop 240 b.h.p. at 1500 r.p.m, 
at twelve-hour rating. Power is transmitted to a 
Vulcan-Sinclair fluid coupling bolted to the 
engine flywheel through an adapter. Use of this 
coupling obviates stalling of the engine when 
starting a heavy load or working in too high a gear, 

A Serck radiator at the leading end of the 
locomotive, in front of the engine, is designed 
for a maximum ambient air temperature of 
95 deg. Fah. and for a dissipation rating of 70 
per cent of full load. Water is circulated by 
an engine-driven pump and cooling is assisted 
by a fan behind the radiator and driven by vee 
belts from a pulley on the crankshaft. Large 
doors on each side of the engine housing provide 
easy access for maintenance purposes, and within 
the main housing there is also enclosed a 240 
gallons capacity fuel tank. 

fluid coupling on the engine is con- 
nected through universal couplings and a shaft 
to a five-speed gearbox driving a separate 
reversing and reduction gearbox supplied by the 
Self Changing Gear Company, Ltd. Each of 
these two units is air-operated. The change 
speed gears are of the Wilson epicyclic pattern, 
the three lower speed gear trains being operated 
by brake bands and fourth speed by a direct drive 
plate clutch, whilst the fifth speed takes the form 
of an overdrive. 

The final drive gearbox, which has a reduction 
ratio of 9-82 to 1, incorporates a neutral lock 
to disconnect the drive when towing. Final 
drive from the jackshaft of this gearbox to the 
wheels is by means of coupling rods. At 4-32 
m.p.h. in first gear the tractive effort is 16,225 lb ; 
at 7:56 m.p.h. in second gear 9289 Ib; at 
11-36 m.p.h. in third gear 6179 Ib; at 17:6 
m.p.h. in fourth gear 3987 Ib, and in top gear at 
32-9 m.p.h. 2132 Ib. 

The totally enclosed cab is particularly roomy, 
with three glass windows at the front and back, 
and sliding windows by the driver’s seats on 
each side to give a clear view for all conditions 
of running. In this cab all the controls are 
conveniently placed to 
facilitate | comfortable 
operation from the driv- 
ing positions on each 
side. A desk control 
cubicle across the full 
width at the front of 
the cab.carries duplicate 
engine throttle levers, 
change speed gear levers, 
reversing gear levers, and 
straight and automatic 
brake valves. A mech- 
anical lock between the 
gear changing and 
reversing levers prevents 
reversing of the loco- 
motive unless the gear 
lever is in the neutral 
position. An instrument 
panel above the control 
cubicle contains the en- 
gine lubricating oil pres- 
sure gauge and warning 
lights, fuel level indicator, 
ammeter, tachometer, 
speedometer, _ straight 
air brake pressure gauge 
and engine cooling 
water thermometer. 

Dead man’s treadle-operated pilot valves are 
located beneath each driving position and a 
delay of six seconds follows release of the 
treadle before an automatic emergency brake 
application is made. : 

The Westinghouse straight air and automatic 
brake equipment fitted to the locomotive is 
provided with air from receivers having a total 
capacity of 27 cubic feet, and the receivers are 
charged by two compressors driven by vee belts 
from a pulley on the engine crankshaft. Four 
mild steel sand-boxes of ample capacity deliver 
sand by means of steel pipes close to the wheels. 
The sand-boxes are fitted with air-operated 
sand ejectors and these ejectors have two 
separately and independently-operated valves for 
rail sanding when travelling in either direction. 
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Mains-Frequency Coreless Induction 
Furnaces 


An agreement covering the development and marketing of mains-frequency coreless 
induction furnaces has recently been made between three firms—Otto Junker 
G.m.b.H., of Lammersdorf, Germany, the Ajax Engineering Corporation of 
Trenton, U.S.A., and Birlec, Ltd., of Erdington, Birmingham. The principles and 
potentialities of these furnaces were explained, at a recent meeting in London, by 
Mr. F. S. Leigh, of Birlec, Ltd., and Dr. K. Scherzer, of Junker G.m.b.H. Mr. 
Leigh’s remarks, abstracts from which are reproduced below, outlined the prin- 
ciples of the design and manufacture of mains-frequency coreless induction furnaces. 


NDUCTION melting furnaces can be divided 
Tinto two main classes—the core or channel 
furnace and the coreless furnace. In both cases 
one can consider the furnace as a simple trans- 
former having two coils arranged concentrically. 
One coil is connected to a suitable a.c. supply, 
whilst the other or secondary side is formed by 
the furnace charge and can be regarded as a 
single short-circuited turn. 

On energising the primary coil an alternating 
magnetic field is produced, a part of which will 
link with the secondary coil, thus producing 
a voltage across the terminals of this coil. In 
the case of the channel furnace a magnetic core 
is utilised to concentrate the magnetic field 
produced by the primary coil and to ensure 
that the maximum possible proportion of this 
field will link with the secondary coil. In other 
words the channel furnace is almost a true trans- 
former, operating at a high efficiency of energy 
transfer from primary to secondary. 

The coreless furnace operates without a core 
and therefore consists merely of two concentric 
coils. Since there is no magnetic core a propor- 
tion of the field produced by the primary coil 
is lost and the energy transfer efficiency is corre- 
spondingly reduced. There are two methods of 
compensating for this factor: either to operate 
at higher frequencies or to increase the intensity 
of the magnetic field produced by the primary 
coil and hence the current circulating in the 
secondary. 

The first method is, of course, exploited by 
the high-frequency furnace, and the second by 
the mains-frequency coreless furnace. The 
following paragraphs deal with the latter and 
particularly the factors involved in its design and 
manufacture. 

Current Penetration—One of the most 
important factors governing the design of any 
induction melting furnace relates to current 
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Fig. 1—Current penetration depth as a function of 
furnace frequency for various metals 


penetration depth P. Fig. 1 shows the value of P 
for different materials and at different frequencies. 
In practice this factor is utilised in calculating 
details of the furnace coil by making the assump- 
tion that the charge is equivalent to a cylinder 
having a wall thickness equal to the current 
penetration depth. It follows that the greater 
the pentration depth—that is, the greater the 
wall thickness of this imaginary cylinder—the 
lower will be the resistance for any given cylinder. 
As regards the inductor coil itself, the effect of 





greater penetration depth for the lower fre- 
quencies means that the resistance of the coil 
can be reduced by increasing its radial thickness. 

Current penetration also influences minimum 
diameter of the charge. Suppose the charge 
cylinder to be solid and to have a’radius smaller 
than the penetration depth given for the particular 
material and frequency employed. Part of the 
current induced in the cylinder will then 
endeavour to circulate at a depth greater than 
the radius and will try to oppose itself. The 
result would be a reduction of the effective 
heating current circulating in the charge cylinder 
and in a reduced heating effect. 

At first sight it would therefore appear that 
the minimum size of cylinder should have a 
radius equal to the penetration depth. However, 
the penetration depth when expressed as a 
definite dimension is only valid if there is 
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Fig. 2—Minimum charge diameter as a function of 
furnace frequency for various metals 


adequate depth of material behind it. In practice 
it is found that the minimum radius of the solid 
charge cylinder should not be less than 1-5 times 
the penetration depth. 

Fig. 2 shows the minimum diameter for various 
materials plotted against frequency. It will be 
seen that for a mains-frequency melting furnace 
it is essential to have a charge made from com- 
paratively large pieces, i.e. not less than 8in 
diameter for iron or steel. 

Power Factor.—The power factor of a furnace 
coil is determined accurately from a considera- 
tion of the coil resistance and reactance and the 
charge resistance and reactance. However, at low 
power factors it is sufficiently accurate to take 
the power factor as being the ratio of the total 
effective resistance of the induction coil to its 
effective reactance. Now with decreasing fre- 
quency the effective resistance and reactance 
will tend towards equality—in other words, the 
lower the frequency the better will be the power 
factor. 

In practice, the mains-frequency melting 
furnace will operate at a power factor usually 
twice as good as that of an equivalent high- 
frequency furnace, and this means a considerable 
reduction in condenser correction kilovolt- 
amperes. As a guide, the power factor of a 
mains-frequency coreless furnace for irons and 
steels would vary between 0-18 and 0-25, 
depending upon size, whilst the corresponding 
high-frequency furnace power factor would vary 
between 0:09 to 0-12. 

Electrical Efficiency—The electrical efficiency 
of the furnace is given by the equation : 


Power developed in charge 
Power input to the inductor ° 
In practice, the electrical efficiency of a 50-cycle 





Efficiency= 
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Fig. 3—Typical coil assembly for a 3-ton mains- 
frequency coreless induction furnace 


furnace will be about 5 per cent worse than that 
of an equivalent high-frequency furnace, assum- 
ing a furnace size of about 15 cwt or 2 per cent 
with 3-ton bodies. However, this does not take 
into account the motor alternator losses asso- 
ciated with the operation of a hf. furnace. 
Allowing for this shows a net gain in overall 
efficiency of about 10 per cent in favour of the 
mains-frequency furnace. 

Stirring Effect—mThe stirring effect. in an 
induction melting furnace is the result of mutual 
repulsion between charge and coil, the force 
acting on the charge being radially inwards. 
The magnitude of this force is a function of the 
currents circulating in the charge, and since this 
increases with lower frequencies, we have a 
maximum stirring effect with the mains-frequency 
furnace. 

However, by a judicious selection of power input 
to the furnace size and by arranging the furnace 
coil height to be somewhat lower than the 
charge height, turbulence can be reduced. In 
practice it has been found that the stirring effect 
is beneficial in certain directions. 

Minimum Furnace Size.—As already explained, 
the mains-frequency coreless furnace can only 
deal effectively with charges having a minimum 
cross-sectional size. This means that the 
crucible diameter and hence furnace coil dia- 
meter may not be reduced below a certain 
value. The relationship between coil diameter 
and height is not particularly critical and can 
vary between 0-8 and 1-2, but what is important 
is the amount of power which is to be trans- 
ferred from the furnace coil into the charge. 
This dictates the ampere-turns for which the 
coil has to be designed. Finally, it is desirable 
to maintain the stirring effect within reasonable 
limits. This is achieved by limiting the amount 
of power input to a given charge and, secondly, 
by arranging for the charge height to exceed the 
coil height. 

Experience has shown that taking all the above 
factors into account, the minimum size of fur- 
nace which can be operated efficiently under 
normal working conditions has a capacity of 
about 15 cwt. Obviously, however, it is possible 
to design and operate furnaces of considerably 
smaller capacities, but such units would work 
at a comparatively poor efficiency and might not 
be regarded as suitable for every-day production 
work. 

Furnace Coil.—The coil of a mains-frequency 
furnace is subjected to far greater mechanical 
vibration stresses than the coil of a similar size 
high-frequency furnace. This is due to the very 
high fifty-cycle magnetic field called for by the 
design and great care must, therefore, be taken 
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in ensuring adequate mechanical strength and 
rigidity. 

Fig. 3 shows a typical coil assembly for a 
3-ton mains-frequency furnace. It will be seen 
that the assembly is essentially of unit con- 
struction, i.e. the coil itself and the associated 
magnetic shields are assembled between two 
heavy collars of rolled steel sections so as to 
form a self-contained unit. The coil itself is 
wound from special extruded copper section. A 
hollow extrusion is used, thus combining elec- 
trical and cooling water conductors in one 
section. Special care is taken with the insulation, 
which consists of glass tape with silicone varnish. 
After winding the coil, it is impregnated and 
stove-dried. 

Furnace Body.—Fig. 4 shows the construction 
of a typical mains-frequency coreless furnace. 
It will be seen that the furnace body is designed 
on conventional lines as developed for high- 
frequency furnaces of medium and large capa- 
cities. The framework itself is of structural 
steel and since the furnace coil is magnetically 
shielded, there is no danger of the framework 
heating due to stray fields. 

The furnace is usually arranged for hydraulic 
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Fig. 4—General arrangement of typical mains-frequency 
coreless induction furnace 


tilting by means of two rams mounted one on 
each side of the furnace body. Lip axis tilting 
is standard practice. A cover for the furnace 
crucible is normally provided so as to reduce 
radiation losses from the top of the crucible as 
much as possible. This cover is hand-operated 
and is raised and moved away from the crucible 
mouth in a single, easy motion. Normally 
these furnaces are arranged for platform mount- 
ing in the same way as an orthodox high-fre- 
quency furnace. 

Electrical Control.—The schematic connection 
diagram of a typical mains-frequency furnace 
is shown in Fig. 5. It will be seen that the 
capacitors required for power factor correction 
are arranged so as to provide for a fixed bank 
and a variable bank. The fixed bank provides 
sufficient capacitors to operate the furnace at 
minimum power input, i.e. on starting up from 
cold, whilst the variable bank gives the necessary 
flexibility to take care of the different electrical 
conditions arising during the subsequent melting 
period. 

All capacitor switching is done by means of 
contactors, suitable interlocks being provided 
to ensure that the contactors are “ off-load” 
operated. 

A static balancer is usually provided so as to 
give a 3/1 phase conversion, as described in the 
following section. The power input to the fur- 
nace is controlled within fairly wide limits by 
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means of voltage control. For this purpose it is 
usual to provide a three-phase tapped transformer 
between the supply mains and the static balancer. 
The transformer tappings can be either off-load 
or on-load operated but the former is the cheaper 
arrangement and there does not seem to be any 
case for the more expensive on-load tap changing 
arrangement. 

Instrumentation is quite straightforward and 
follows established practice for all Birlec melting 
furnace installations. Apart from voltmeter, 
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Fig. 5—Schematic connection Sainte of typical 
mains-frequency coreless induction furnace 











ammeter and kWh meter there is usually a 
kVAr meter to show the operator whether the 
furnace coil circuit has been properly tuned. 
Earth leakage protection, together with asso- 
ciated test equipment, is invariably provided in 
accordance with Home Office recommendations. 

Static Balancing.—There are two methods of 
providing a balanced three-phase load to the 
mains supply from the single-phase circuit of a 
mains-frequency coreless melting furnace, as 
illustrated in Fig. 6. It will be seen that in 
method B we have the furnace load consisting of 
inductor coil and capacitors connected across 
one phase of the supply, say, across B and Y. 
Across R and Y we have a reactor, tapped at a 
suitable point and finally a capacitor is con- 
nected between B and the reactor tapping point. 
This arrangement has the drawback that the best 
power factor which can be achieved is 0-866 
unless a supplementary three-phase capacitor is 
provided. 

The alternative arrangement A provides for 
the reactor to be connected across B and R, 
the capacitor across phases B and Y and the 
furnace load across Yand R. Sufficient capaci- 
tors must be provided in this case to ensure 
unity power factor for the furnace circuit and 
this is slightly more expensive. 

From the furnace operator’s point of view, 
method A, however, is preferable since he will 
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Fig. 6—Two methods of presenting the single-phase 
circuit of a coreless furnace as a three-phase load on 
the mains supply 


usually obtain a satisfactory three-phase balance 
at all available furnace inputs down to 20 per 
cent load, provided he maintains the furnace 
coil circuit at unity power factor or thereabouts 
and adjusts the balancer to suit. With arrange- 
ment B it is only possible to obtain perfect 
balance at full load or any one particular load 
condition for which the balancer is designed. 
In other words, the operator has no control over 
balancing the three phases. It will also be seen 
that in the one case the balancer capacitor 
operates at full phase voltage, whilst with 
arrangement B the balancer capacitor voltage 
is somewhat lower—the theoretical value being 
0-866 phase voltage. Consequently, in this 
case, the static balancer capacitor is likely to be 
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a little dearer owing to the lower operatip 
voltage. : 
In overall costs there is very little to Choose 
between the two methods, the slightly higher 
cost in the one case being offset by betier phase 
balancing under all conditions, also unity power 
factor operation. ; 
Layout.—The layout of the mains-frequency 
coreless-induction melting furnace follows very 
closely the practice established for high-fre. 
quency furnaces. The furnace bodies are usually 
platform mounted, the platform being some 
3ft to 4ft above shop floor level, thus reducing 
foundation cost and at the same time providin 
a ready means of hand shanking from the fur. 
nace. The furnace control panel is usually 
mounted on the platform and is therefore readily 
accessible to the operator. The furnace capaci. 
tors are mounted immediately behind the contro] 
panel in a suitable enclosure, together with the 
necessary contactors, transformers, switchgear 
&c. Care must be taken to ensure adequate 


ventilation of the capacitor enclosure so as to 
prevent over-heating and consequent damage, 
The size of the enclosure or substation js 
considerably reduced since no high-frequency 
motor alternator set is required and this saving 





































Fig. 7—A Birlec mains-frequency coreless induction 
furnace, having a molten metal capacity of 18 cwt 
and a 250kW rating 


in space is one of the advantages of a mains- 
frequency induction-melting furnace installation. 

The general arrangement should, if possible, 
provide for two furnace bodies to be operated 
alternatively from the same electrical equip- 
ment. This arrangement has the advantage that 
there is available 100 per cent furnace standby 
capacity and no production time need be lost 
for replacing a furnace lining. 

Fig. 7 shows the general arrangement of 
a 15/18-ton mains-frequency coreless furnace 
supplied recently by Birlec, Ltd. It is designed 
for a rating of 250kW and is primarily intended 
for the melting of cast iron swarf. It is installed 
at the works in Coventry of the British Piston 
Ring Company, Ltd., more or less as a pilot 
plant. 

The melting rate achieved is of the order of 
7 cwt per hour and the furnace deals very effec- 
tively with very fine dry borings down to a mesh 
size of 200. The energy consumption with 
melting and superheating to a temperature 
1450 deg. Cent. is of the order of 580kW to 
600kW per ton. 





ANTI-SUBMARINE FRIGATE.—The “ Whitby ” class 
anti-submarine frigate H.M.S. “Tenby” was 
launched from the yard of Cammell Laird and Co. 
(Engineers and Shipbuilders), Ltd., on October 4th. 
The ship, which is all-welded, has an extreme length 
of 370ft, a length between perpendiculars of 360ft, a 
beam of 41ft, and will have as main armament two 
4-5in guns. 
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Thermal Insulation Factory 


Asbestos fibre from the company’s own mines in South Africa and Canada is used 
hy the Cape Asbestos Company, Ltd., to manufacture a wide variety of preformed 
insulation products. Certain items, such as insulation blocks, pipes and millboard, 
are produced at the Barking factory and the processes are described here. 


N important contribution towards the need 
A to economise in the consumption of fuel is 
made by the efficient use of insulating materials 
to conserve heat. Among such materials is 
asbestos, and last week we had the opportunity 
to pay a visit to one of the many factories of the 
Cape Asbestos Company, Ltd. This company 
was founded about sixty years ago and has 
expanded, over the years, from a small mattress- 
making shop, started in 1894 in London, to the 
present group of factories in Great Britain and 
subsidiary companies at home and abroad. 
Thermal insulating materials are made by two 
subsidiary companies, one at Turin in Italy and 
the other at Benoni in South Africa, and two 
associate companies, one at Roubaix, France, 
and the other at Sarnia, in Canada, and also 
under licence in Holland and Spain. 

At the Stirling factory natural dolomite rock 
yrom Argyllshire and fireclay from Stirlingshire 
are used to produce a long-fibred rock wool, 





Insulation blocks of amosite asbestos in their web 
state being precision moulded 


which is a material having excellent insulating 
properties and is known as “ Rocksil.”’ A non- 
combustible joiner material, “ Marinite,” is 
manufactured at the Glasgow plant, while at 
Kentmere, Westmorland, diatomaceous earth 
is mined and processed and is used in the manu- 
facture of asbestos plastic insulating composi- 
tions. At the Uxbridge works high-temperature 
insulation blocks and Vermiculite materials are 
produced and also ah incombustible asbestos 
insulation board, ‘ Asbestolux.”” The Yorkshire 
factory at Hebden Bridge has been developed 
since the war into the weaving department and 
is now the centre of the entire process of textile 
production, manufacturing asbestos cloth, yarn 
and rope lagging. 

The main products of the Barking factory, 
which we had the opportunity of inspecting, 
are preformed sectional insulation, asbestos 
mattresses, millboard, jointing and moulded 
brake and clutch linings. Asbestos belonging 
to two main classifications is processed at 
Barking, namely amphibole and chrysotile. 
To the former belongs the crocidolite, or 
blue asbestos, and amosite, which is white to 
yellow-brown in colour and produced from 
mines in South Africa. Chrysotile or white 
asbestos is mined mainly in Canada. All three 


qualities of asbestos are pre-milled at the mines 
and graded according to length of fibre before 
being loaded into sacks for export. The roughly 
“fibreised”’ material arrives at the factory by 
barge from the London Docks and is unloaded 
to a store, the capacity of which is approximately 
6000 tons, or sufficient for about one year’s 
production. From the store the asbestos is trans- 
ferred to the “fibreising’’ department, where 
it is fed into hammer mills, to be further pro- 
cessed to produce fibre of a predetermined length. 
Fans exhaust the milled fibre through ducts to 
cyclones, from which the asbestos is put into 
dust-free bags and automatically weighed. 

In the thermal insulation department is a 
battery of hammer mills, each having an auto- 
matic feed hopper, into which the bags of 
asbestos are emptied. From the mills the fibre 
is ducted to cyclones, then transferred by band 
conveyor to machines for making insulation 
blocks. Each machine, of the company’s own 
design, has two feed hoppers, from which the 
asbestos is deposited on to a plywood board, the 
quantity being governed by a time-controlled 
flap. The insulation block, shown in its wet state 
in our illustration, is built up to the required 
thickness in layers of about 4in the necessary 
amount being deposited by each hopper in 
turn. After each addition of asbestos the block 
passes under a roller, is then sprayed with a 
solution of sodium silicate and finally passes 
under a pair of steel rolls before going along 
the return conveyor to pass once more through 
the machine for a further layer to be added. 
When the specified thickness is attained the block 
is turned over so that the bottom surface can be 
sprayed with sodium silicate. The block is now 
turned on to a wire tray, which is placed on a 
rack ready for passing through the drying ovens. 

In the manufacture of pipes the asbestos is fed 
on to a moving lattice conveyor and sprayed 
with sodium silicate, and a mandrel is rolled by 
hand over the moving layer of asbestos and 
gradually picks the required thickness of insula- 
tion. After this the mandrel and its covering 
are placed on a polishing machine, where the 
external surface is sprayed. When the outer 
surface is smooth the pipe is placed in a half- 
round sheet steel drying tray and the mandrel 
withdrawn. The trays are loaded on to a drying 





Preformed pipe sections being built up to thickness 
on a mandrel 
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frame ready for passage through the drying oven, 


which uses town’s gas. The gas is fired in a burner 
box and the products of combustion are ducted 
to one end of the furnace and exhausted at the 
other. Some of the moisture and the combustion 
products are bled off to atmosphere and the 
remainder, plus enough fresh air to support com- 
bustion, is recirculated. The temperature of the 
oven varies over its length from 450 deg. to 
150 deg. Fah. and time taken to dry the material 
ranges from two to twelve hours. 

The insulation blocks are generally trimmed to 
a standard of 3ft by 3ft or 3ft by 4ft All 
blocks pass through a side trimming machine, 
having twin cutters, set at 3ft apart, the square 
blocks going through a second time while those 
having a 4ft side are finished in a band saw. 
Waste from the trimming machine falls on to a 
small band conveyor, which feeds a cutter, 
where the waste is chopped up to a size sufficiently 
small to be exhausted through ducts to a bagging 
machine. A percentage of the waste is returned 
to process. For cutting to length, the pipes are 
fed by conveyor to a machine having twin band 
saws, and then they are gravity fed to a chain 
conveyor, set at right angles, which passes the 
pipes through a band saw. This cuts the pipes in 
half in a lengthwise direction and jets of com- 
pressed air remove the asbestos dust so that the 
pipes are ready for packing. Our illustrations 
show a pipe being built up to the required thick- 
ness on a mandrel, before being polished and 
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Moulded asbestos pipe sawing machine showing air 
jets for dust removal 


dried, and being cut in halves lengthwise after 
end trimming. 

For the manufacture of millboard, chrysotile 
fibre is used and is mixed with china clay and 
starch, after which the pulp is fed to stock chests, 
fitted with agitators, where it is further diluted 
before being pumped up to gravity tanks. This 
arrangement ensures that the liquor is fed 
at a constant head to the vats supplying the 
millboard manufacturing machine. From the 
vats the liquor flows through the gauze 
covering of rotating horizontal cylinders to 
deposit the solids on the outside of the cylinders. 
An endless blanket runs over the top surface of 
the cylinders and picks up the solids and returns 
overhead, where it passes over vacuum boxes 
which remove the moisture from the blanket. 
The solids on the blanket are picked up by an end 
roller and the process continues until the material 
on the end roller has been built up to the specified 
thickness. A small contactor roller operates a 
cut-off wire when the sheet is of the required 
thickness. The sheets are removed to a stillage 
and interleaved with plastic gauze before being 
put under a press to remove excess water. They 
are then hung in trucks and passed through a 
drying oven, which operates at about 230 deg. 
Fah. The boards, which can be made to a 
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maximum thickness of 4in, are guillotined to size. 

There is a mattress-making shop, which uses 
cloth woven in Yorkshire and a well-equipped 
engineers’ shop, which not only provides the 
necessary maintenance, but also builds some 
of the machines used for certain processes. 
Close by is the sheet metal department, where 
the cleading for contract work is prepared and 
where all the ducting required in the factory is 
fabricated. 





Tower Clock for Tonga 


ALTHOUGH British tower clocks are exported 
to all parts of the world, one recently constructed 
by John Smith and Sons, of Derby, to the order 
of Queen Salote of Tonga, is of unusual interest. 
This clock, which has now been installed in the 
tower of the Royal Chapel, adjoining Queen 
Salote’s residence in Tonga, chimes the West- 
minster quarters on four new bells and strikes 
the hour on a larger bell that was already installed 
in the tower. It also shows the time on three 
dials fixed on the tower walls. As it was realised 
that the location of the clock in a remote part of 
the world would entail it being both installed 
and maintained by a staff with little or no 
experience of tower clocks, everything possible 
was done to simplify its design. The clock can 
be seen in the illustration below prior to its 
despatch from the maker’s works. 

movement of the clock is of the weight- 
driven, hand-wound type, and the timekeeping, 
quarter chiming and hour striking trains are all 
mounted on a heavy flat-bed main frame. So 
far as possible each component is separately 
attached to this main frame, so that the majority 
of the parts can, if necessary, be dismantled and 
replaced without disturbing any others. The 
timekeeping train is fitted with a form of dead- 
beat escapement known as the “ pin-wheel,”’ this 
design being used in preference to a gravity 
escapement on account of its small number of 
working parts. Its adoption meant some slight 
sacrifice of timekeeping accuracy when compared 
with the admittedly more precise gravity escape- 
ment, but it was considered that this was justified 
by the gain in simplicity provided by the pin- 
wheel form. 

The pendulum, which has a wood rod and a 
heavy cast iron cylindrical bob of the usual tower 
clock type, has a period of swing of 14 seconds. 
Its general regulation is adjusted by a normal 
rating nut fitted below the bob, but a supple- 
mentary rating platform is also provided at a 
point higher up on the pendulum rod for the 
reception of the small weights used for making 
the final timing adjustment. 

The “ maintaining power,” or mechanism used 
to keep the timekeeping train running during the 
winding of the main weight, is of the very simple 
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weighted-lever design, so arranged that it must 
be brought into action before the crank key can 
be put on to the squared end of the winding 
spindle. The driving power supplied by the 
maintaining power weight is transmitted directly 
to the teeth of the main wheel of the timekeeping 
train by a pawl, and the duration of action with 
one setting gives ample time for the winding to 
be completed. This is an important point if 
unskilled persons may be winding the time- 
keeping train. 

As the weight fall available is somewhat 
restricted, the usual three-spindle train was 
unsuitable for the chiming mechanism, and a four- 
spindle train has been used instead. With this 
arrangement the chiming cam barrel, normally 
fitted to the side of the main wheel, is mounted 
on the second spindle of the train. This reduces 
the amount that the main wheel rotates during 
the chiming of each quarter, though it does 
necessitate a somewhat heavier weight to drive 
the train. 

The striking train is of the usual three-spindle 
form, and the cams which operate the hammer 
lifting lever are mounted directly on the side of 
its main wheel. Count wheel mechanism of the 
simple pin kind is used to control the number of 
blows struck at each hour. 

The clock has been fitted with a night- 
silencing device of an unusual and ingenious 
form. In place of the usual twenty-four-hour 
wheel, which is driven from the timekeeping 
train and acts by sliding 
the let-off levers side- 
ways to a point where 
their lifting cams no 
longer act on them, a 
simple ratchet wheel is 
used on the Tonga 
clock. This is stepped 
round, tooth by tooth, 
by the action of the 
let-off mechanism itself, 
and as it rotates it brings 
a projecting flange on 
its side into contact 
with levers that can 
engage with and hold 
the final spindle of the 
chiming train. When 
the flange has engaged 
with these levers the 
chimes are silenced, and 
they then remain out 
of action until the con- 
tinued rotation of the 
ratchet wheel brings a 
gap in the flange to a 
point where it releases the silencing levers and 
so permits normal chiming to re-start. 

As the chiming train is arranged to release the 
striking train after the sounding of the fourth 


















































































Clock for the Royal Chapel, Tonga, on test at the maker’s works 
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quarter at each hour, the suspension of chimin 
also serves to silence the striking action. The 
adoption of this simplified mechanism has 
entailed some slight sacrifice of accuracy, for, in 
most tower clocks, the quarters and hours are 
let off independently by cams on the timekeeping 
mechanism, the object being to ensure that the 
striking of the first blow of the hour is sounded 
as precisely as possible at the last second of the 
sixtieth minute. With the arrangement used on 
the Tonga clock the instant of striking is, to 
some extent, dependent on the time taken to 
sound the notes of the fourth quarter, but the 
error is so small that the simplicity achieved by 
obviating the dual let-off assembly was cop. 
sidered worth while. 

The three dials each have a diameter of 4ft and 
are of skeleton form, with Roman numerals, 
The spaces between the numerals and frameworks 
are glazed with opal glass, to enable the dials to 
be illuminated at night. The numerals and 
minute markings are finished black and the rings 
and frameworks that unite them are gilded with 
gold leaf. The four new quarter bells have a total 
weight of just under half a ton and were cast by 
John Taylor and Co., Ltd., of Loughborough. 





Mobile Radiographic Laboratory 


In the laying of the 340-mile pipeline of the 
National Iranian Oil Company from Ahwas to 





The laboratory trailer can be self-contained for electricity and water 


Azna, inspection and control of pipe welds will 
be undertaken by Welding Supervision, Ltd., 
who will use mobile radiographic laboratories 
supplied by Pilgrim Mobile Units, Ltd., Ring- 
wood, Hants. One such laboratory is shown in 
our illustration, and is built on a step frame 
chassis of Multiwheeler manufacture. Over the 
step are installed the water storage tank, a Lyon 
4-5kW, 230V generator with an air-cooled Petter 
petrol engine, and a Biddle air-conditioning set. 
The centre section is a dark room with a film 
processing unit, the walls being coated with 
“ Kerotex”’ rubber emulsion and the floor 


* covered with thick rubber sheeting as a protection 


from chemicals. A two-way drawer allows the 
room to remain dark while exposures are passed 
in and radiographs out to the viewing cubicle in 
the rear compartment, which houses office and 
workshop facilities. Radio-isotope containers 
travel in a lead-lined storage compartment to 
give extra protection to the operators and allow 
undeveloped films to be handled safely in the 
dark room. The walls and roof are insulated 
with glass fibre and a shaped canvas awning is 
provided to shade sides and end, while the 
interior can be heated ; 24V batteries are carried 
to start the generator and provide white light 
to the interior, while 230V mains supply can be 
utilised where available. 





ANTI-SUBMARINE DestROYER.—On October 29th 
the twin screw anti-submarine destroyer, H.M.C.S. 
“St. Laurent,” was commissioned at Montreal at 
the yard of Canadian Vickers, Ltd. The ship, which 
has a length of 366ft, a beam of 42ft and a displace- 
ment of 2600 tons, is powered with machinery of 
advanced design built by Yarrow and Co., Ltd. 
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Continental Engineering News 


Reorganisation of Two French Shipbuilding 
Companies 


A reorganisation, which took effect on 
October Ist, has been announced by the French 
shipbuilding companies Chantier et Ateliers de 
St, Nazaire (Penhoét) and Ateliers et Chantiers 
de la Loire. These two companies have been 
transformed into the Compagnie Industrielle et 
Financitre des Chantier et Ateliers de Saint- 
Nazaire (Penhoét), of 7, rue Auber, Paris (9¢), 
and the Compagnie Industrielle et Financiére 
des Ateliers et Chantiers de la Loire, of 4, rue 
de Téhéran, Paris (8). The industrial under- 
takings of the two former companies are grouped 
in two new companies. The first of these, 
Chantiers de L’Atlantique (Penhoét-Loire), of 
7, rue Auber, Paris (9), comprises the adjacent 
shipyards of Penhoét and Loire at Saint- 
Nazaire, including the Loire turbine works 
and the engine works at St. Denis. The other 
company, with head office at the same address, 
is the Société des Chantiers Réunis Loire- 
Normandie, comprising the Chantier de Nantes 
(formerly Loire) and the Chantier de Nor- 
mandie at Grand-Quevilly, with associated 
yards at Le Havre and Dieppe (formerly Pen- 
hoét). 

The combined shipyard at Saint-Nazaire is to 
specialise in the construction of large vessels 
(over 10,000 t.d.w.), while the yards at Rouen 
and Nantes will make up a second group con- 
cerned with the construction of medium-sized 
vessels (of less than 10,000 t.d.w.). The Chan- 
tiers de la Loire will continue to control the 
Chantiers Dubigeon, which specialises in the 
construction of small vessels. The number of 
employees of these companies totals about 
18,000 persons. 

The two shipyards at Saint-Nazaire, which are 
now combined, are among the ten largest in the 
world. Their combined output figures for 1954 
(200,000 t.d.w. delivered, 204,000 t.d.w. launched) 
are nearly the same as those issued for that year 
by the Swedish shipyard GGtaverken, and the 
American yards of Bethlehem Sparrow Point 
and Bethlehem Quincy. Only a very small 
number of other yards have disclosed, or seem 
to have reached, higher fi . Among these 
is the Howaldtwerke at Kiel (265,000 t.d.w. 
delivered in 1954), and the American shipyard 
of Newport News (269,000 t.d.w. delivered in 
1954). Such figures, however, correspond to 
widely different degrees of industrial activity, 
according to the kinds of ship con 

As regards the turbine installations completed 
at the two Saint-Nazaire yards last year, the 
aggregate of 247,000 h.p. is higher than that 
published for any other yard in the world. 

Since their foundation in 1861 (Penhoét) 
and 1881 (Loire), over 
800 vessels, totalling 
more than 2,000,000 
gross tons, have been 
completed, among them 
300 warships, fifty 
passenger vessels and 
thirty large oil tankers. 
The constructions in- 
clude the 35,000-ton 
battleship “‘ Jean Bart,” 
the liners “Tle de 
France,” ‘“* Lafayette,” 
and “ Normandie,”’ and 
the tankers “ Berenice ”’ 
and “Bethsabee”’ (31,000 
t.d.w.), which, at the 
time (1950), were the 
largest in the world. Two 
tankers of 52,600 t.d.w. 
are at present being 
built by Penhoét for 
Tide Water Associated 
Oil Company (U.S.A.). 

When the Chantier de 
la Loire was rebuilt in 
1932, a special construc- 
tion cradle was erected 
which is serviced by a 
240-ton crane, and covers 
an area of 13-75 acres. 
This arrangement makes 
it possible to build and 
fit ships up to 1030ft 
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in length. The Chantier de Penhoét possesses 
a slipway over 1000ft long on which were built 
the “ Normandie” and the battleship ‘ Stras- 
bourg.” Three other slipways have recently 
been expanded to handle oil tankers of from 
35,000 to 50,000 t.d.w. 

Welding and prefabrication are widely em- 
ployed and a prefabricated section of over 
200 tons has recently been assembled at the 
Loire yard. Among the large machine tools 
available may be mentioned two vertical lathes 
capable of handling parts 5Oft in diameter. 


Automatic Multi-Cycling Copying Lathe 


Among the more important trends in 
recent years in the field of machine tool design 
have undoubtedly been the increasing applica- 
tion of hydraulic operation and of copy machin- 
ing. The rise of tungsten carbide tooling has 
led to the introduction of high-powered and very 
rigidly constructed machine tools which enable 
the superior cutting speed of carbide tools to be 
exploited. For such machines in particular the 
inherent power and ease of control of hydraulic 
feeds has been of great advantage, while copying 
methods have contributed a further very signifi- 
cant share to the overall reduction in machining 
time. Savings both in setting and actual machin- 
ing times have made the modern copying lathe 
in many cases superior to the traditional auto- 
matic. Single tool copying, however, can only be 
carried out successfully with certain shapes of 
workpiece, while with others the geometry of the 
cuts required make it either desirable or essential 
to use more than one tool, or to take several cuts, 
each following a different outline. 

It was with these points in mind that the 
* Pilot’? series of lathes was developed by 
H. Ernault-Batignolles, 169, rue d’Alesia, Paris, 
(14%). The accompanying illustration shows the 
“Pilot 510,” a hydraulically operated multi- 
cycle copying automatic, which has a maximum 
swing of 13Zin (77;in over cross slide) and is 
made in two lengths for holding between centres 
workpieces of up to either 18in or 30in. Powered 
by a main motor of 15 h.p. to 40 h.p., the head- 
stock spindle has available ten speeds from 380 
to 3000 r.p.m. in the normal range and ten, from 
100 to 800 r.p.m., in the slow range. The lathe 
bed is cast in one piece and is triangular in cross- 
section, with nitrided and hardened and ground 
slideways. 

The machine can be fitted with one or more 
vertical tool slides, which operate as part of the 
automatic cycle and enable undercuts and grooves 
to be machined without additional machining 
time. While normally supplied with one cross 
slide, the lathe can be equipped with two inde- 
pendent cross slides, each having ifs own copy- 
ing device, which are able to operate simul- 
taneously. Tools are mounted tangentially to 





Automatic lathe with hydraulic carriage feed and copying device 
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the work, avoiding the vibrations which often 


occur with overhanging tools. Special tool 
blocks have been designed to use standard 
carbide inserts, thus eliminating the danger of 
cracks associated with brazed tips and reducing 
tool grinding time. 

In order to make the hydraulic feeds inde- 
pendent of variations in tool pressure and oil 
viscosity a system of servo-control has been 
adopted, which operates as follows : the required 
feed is selected from a series of pick-off gears 
and transmitted from the headstock spindle to a 
lead screw. This screw is able to move axially 
and abuts under spring pressure against the 
control valve of the hydraulic feed cylinder, in 
such a manner as to hold that valve fully open in 
the “rapid return”? position. A worm wheel 
on the cross slide engages with the lead screw 
and is in turn coupled through a solenoid- 
operated friction clutch to a non-overhauling 
worm and worm. wheel driven by a hand wheel. 
With the clutch let in, this assembly acts like a 
fixed nut in which the lead screw is turning. Any 
tendency of the saddle to move faster or slower 
than the screw motion is thus transmitted by 
axial movement of the lead screw to the control 
valve, causing corrective pressure changes to 
take place in the two oil spaces of the cylinder. 
By superimposing the motion of the hand wheel 
the operator can cause the saddle to move to 
right or left by the same mechanism, while 
stopping the lead screw causes the valve to assume 
a neutral position and brings the saddle to rest. 
On disengaging the clutch the worm wheel 
engaging the lead screw free wheels and the saddle 
is returned until it meets an adjustable stop nut 
on the screw spindle. 

The copying mechanism is mounted on the 
saddle and is entirely self-contained, with a 
separate oil reservoir and motor-driven pump. 
A feeler pressing with about 500g spring 
pressure against the flat or turned template 
controls an oil valve, which in turn operates the 
tool slide at pressures up to 200kg. In this 
manner angles up to 60 deg. can be turned. When 
the feeler meets a 90 deg. shoulder it turns about 
an axis set at right angles to the machine centre 
line and in so doing breaks a micro switch con- 
tact. This causes a solenoid to declutch and stop 
the lead screw, thus bringing the longitudinal feed 
to a standstill. Simultaneously a second contact 
is made and actuates another solenoid, which 


‘turns the feeler about an axis parallel to the 


machine centre line, causing the cross slide to 
move outwards until the shoulder is cleared. 
The feeler is then returned under spring pressure 
to its normal position, the micro switch reverts to 
its previous setting, and the longitudinal feed 
recommences with the feeler resting on top of the 
shoulder. 

In order to render the machine fully automatic 
it has been equipped with a multi-cycle control. 
This comprises a template holder and a bar 
carrying on arms several sets of adjustable end 
stops, both template holder and stop bar being 
rotated in synchronism over a number of index 
positions. The details and sequence of the cycles 
are controlled by switches operated by dogs on a 
rotating drum at the end of the stop bar. The 
templates may be made from plate or they may 
consist of segments of turned shapes. The lathe 
is handled in this country by H.E.B. Machine 
Tools, Ltd., 5-17, Haverstock Hill, London, 
N.W.3. 


Mobile Packaging School in Germany 


One of the results of a study tour in 
the U.S.A. made to investigate modern packaging 
methods, has been the creation by the United 
States Air Force Command in Europe of a 
German-American ‘“ packaging school.” Its 
object is to reduce the losses through faulty 
packaging which occur in the execution of orders 
for the American Forces. The instruction centre 
is housed in a trailer 12m in length, which is 
drawn by a tractor, and can seat up to 
fifteen people. Courses last from three to ten 
days, according to the previous knowledge of 
the participants. The trailer is equipped with 
showcases, blackboards, models and samples, 
as well as copies of all U.S. supply regulations. 
The centre will advise German industrial per- 
sonnel and also serve as an exhibition of American 
methods in the packaging field. 
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Industrial and Labour Notes 


Dollar Exports 


The importance of exporting to the dollar 
areas was emphasised once more at a press con- 
ference on Tuesday by Sir William Rootes, 
chairman of the Dollar Exports Council, and by 
Mr. A. R. W. Low, Minister of State, Board of 
Trade. Sir William Rootes pointed out that the 
dollar markets—the U.S.A., Canada and the 
Caribbean—continued to provide this country 
with one of the greatest opportunities for the 
expansion of its trade. Those countries, he said, 
were at present importing yearly about £6500 
million worth of goods, but this country was not 
getting the share of that trade which it must get 
for its economic problems to be solved. Sir 
William went on to explain that, in Canada, our 
share of the total imports had declined from 
18 per cent in 1938 to 84 per cent to-day, and in 
the Latin-American countries our share at 
present was 4-6 per cent, compared with 7 per 
cent pre-war. In the U.S.A. we were making a 
better showing, our annual share of the imports 
being 5-3 per cent, compared with 6 per cent pre- 
war. 

Mr. Low said that, in urging attention to the 
dollar markets, the Government did not under- 
rate their commercial difficulties. The severe 
competition, high promotion costs and financial 
risks which were common to all of them, and the 
special difficulties of demand for long credit and 
occasional official restrictions which were some- 
times a feature of the Latin American markets, 
were well known. But those difficulties did not 
apply invariably ; the successes already achieved 
showed that they could be surmounted or 
avoided. Mr. Low then referred to “some 
recent decisions of the United States Government 
in the economic field,” which had attracted con- 
siderable attention. The British Government 
had been concerned at those decisions as indicat- 
ing a possible trend of United States policy and 
had expressed its keen disappointment to the 
U.S. Government. An assurance had been given 
by the U.S. Government, however, that the 
decisions did not represent any departure from 
the determination to pursue a liberal trade policy, 
and that, Mr. Low remarked, was a matter of 
great importance to the British Government. 
What mattered to British industry much more 
than the recent American decisions was the con- 
tinuance of a liberal trade policy and the pro- 
spects in the American market. The actual 
impact of the decisions upon British industry was 
limited, Mr. Low said, and “ very few firms ” 
had been affected. The British Government 
would continue to urge emphatically that 
exporters should not be deterred by these 
decisions in assessing the value of the United 
States market. 


Science and Management 


Last week, the British Institute of Management 
held its national conference at Harrogate, the 
general theme of the discussions being ‘‘ The 
Impact of Science on Management in the Future.” 
The conference was opened on Wednesday, 
November 2nd, by Sir Harold Hartley, who 
surveyed current scientific developments which 
he considered to be of special importance to 
management. Sir Harold said that this country’s 
exports were more and more dependent on those 
fields of production where science and tech- 
nology were the major factors. 

Among the many papers presented on the 
two succeeding days of the conference was one 
by Sir Charles Goodeve, who dealt with opera- 
tional research and management. Sir Charles 


said that one result of the impact of science on _ 


management was that a manager’s life had 
become much more difficult and complex. The 
day had gone when “a bright young man with 
initiative and pleasant manners” could rise 
smoothly to a happy life in which he made 
decisions which nobody would question ! Nowa- 
days, Sir Charles remarked, he not only had to 
undergo training in every conceivable subject 
from production engineering to industrial psycho- 
logy, but when he had surmounted all that he 
found his decisions being put to the test of some- 


thing glibly called “the scientific method.” 
Sir Charles went on to say that some people 
reacted to this development by trying to pretend 
that it was not happening or by struggling to 
turn the clock back to the good old days of 
wrought iron and canals. Others employed a 
scientist or two so that reference could be made 
to them in the annual report to the shareholders, 
but they locked them in a back room as far away 
from the management as they could ! 

Getting rid of illusions about science and 
scientists, Sir Charles continued, was one of the 
first essential steps in the whole field of applica- 
tion of science, whether on the technical or the 
operational side of industry. Scientific discipline 
demanded that one knew precisely the meaning 
of terms used and the objectives to which they 
were related. It required a fact as far as possible 
to be stated quantitatively and to be accom- 
panied by an assessment of the degrees of cer- 
tainty with which the fact was known. 


Wage Claims 


On Thursday of last week, there was a2 meeting 
between the Engineering and Allied Employers’ 
National Federation and representatives of the 
Confederation of Shipbuilding and ‘Engineering 
Unions for preliminary discussion of the latest 
wage claim submitted by the Confederation. 
The claim is for a “ substantial ’’ increase, but 
no specific amount seems to have been mentioned 
in the talks so far. The case for the unions was 
presented by Mr. R. Openshaw, of the Amal- 
gamated Engineering Union, who expressed a 
hope that a reply would be forthcoming with 
the “ minimum delay.’”’ The Employers’ Federa- 
tion said that its constituent associations would 
have to be consulted before a reply could be 
given. A conversation on similar lines took 
place last Friday between union representatives 
and the Shipbuilding Employers’ Federation. 

It will be recalled that the present claim is 
the outcome of a resolution passed at the annual 
conference, in August, of the Confederation of 
Shipbuilding and Engineering Unions. The 
last wage increases in the engineering and ship- 
building industries were granted in March, the 
amounts per week being 11s. for skilled men, 
9s. 6d. for semi-skilled men, and 8s. 6d. for 
unskilled men. 


Steel Works Development 


A second large electric arc furnace is to be 
installed at fhe Stocksbridge works of Samuel 
Fox and Co., Ltd. (an associate of the United 
Steel Companies, Ltd.). This furnace, which 
will have a shell diameter of 20ft, will be very 
similar to the existing arc furnace, which has a 
diameter of 19ft, and will be installed in the 
same melting shop. It is anticipated that it will 
produce between 1400 and 1600 tons of special 
steels weekly. This second furnace is expected 
to be in operation by the end of next year. The 
additional annual production necessitates the 
reconstruction of the existing billet mill, in order 
to balance steel making and rolling, and the cost 
of all the developments is put at £2,845,000. 


Industrial Building 

The Board of Trade has stated that, during 
the third quarter of this year, new industrial 
building, together with extensions, amounting 
to 20,750,000 square feet, received “ location 
approval”’ in Great Britain. This was much 
less than the figures for either of the two preceding 
quarters of the year, and slightly below the area 
which was given approval in the third quarter of 
last year. But, it is added, the 20,750,000 square 
feet “exceeds all other post-war quarterly 
figures except the three mentioned.” 

The total area of schemes known to have been 
started in the second quarter of the year is 
15,200,000 square feet, though that figure is not 
complete as it relates only to schemes for which 
progress information had reached the Board of 
Trade by the end of September. The area of all 
industrial building schemes started in the second 
quarter is likely in fact to be between 17,000,000 
and 18,000,000 square feet. The Board of Trade 


says that the increase in the total area of buiidings 
started in each quarter from mid-1954 onwards 
reflects the almost continuous increase jp 
approvals throughout 1953, 1954 and the first 
half of this year. 


Committee on Automation 


In view of the interest created by its recent 
conference, the Institution of Production 
Engineers has decided to set up a special com- 
mittee to investigate the full implications of 
automation. Mr. A. F. Kelley, director and 
general manager (manufacturing), aero engines 
division of Rolls-Royce, Ltd., is to be the chair- 
man of the committee, the other members being : 
Sir Leonard Lord, president of the Institution 
of Production Engineers; Mr. G. R. Pryor, 
chairman of the council ; Mr. H. G. Gregory, 
Mr. E. W. Hancock, Sir Walter Puckey, Mr. 
B. H. Dyson, the Earl of Halsbury, Mr. M. 
Seaman, Mr. R. Telford, and Mr. F. G. Woollard, 
It is stated that this committee will study the 
implications of automation in the broadest sense, 
paying particular attention to the effect of 
automation on the human being and on human 
relations in industry and in society. 


Steel Scrap 


In a survey of world trade in ferrous scrap, 
which has recently been made by the British 
Iron and Steel Federation, it is stated that the 
United Kingdom last year imported 760,500 tons 
of scrap, compared with 954,800 tons in 1937, 
Last year’s imports came from more than thirty 
countries, and the survey says that “ the circle 
is likely to expand further as current development 
plans increase economic activity.” It is added 
that some of this scrap may be costly, and that 
there is every incentive to avoid having to draw 
on it ; but it will be available if needed. The 
Federation comments that Britain can reasonably 
look forward to obtaining the moderate quantity 
of scrap which she will require in the next few 
years, though as long as world economic activity 
is maintained at a high level, future world trade 
in scrap is unlikely to match the plenty experi- 
enced in the thirties and in the immediate post- 
war period. 


Employment and Unemployment 


The Ministry of Labour has announced that 

at the end of September the number of people in 
civil employment in Great Britain was 23,026,000. 
The total was much the same as that returned for 
the end of August, but was 270,000 higher than 
the figure for a year earlier. The total working 
population at the end of September was esti- 
mated as being 24,010,000. 
. An analysis of the civil employment figure 
shows that in September there was an overall 
decline of 10,000 in the number employed in the 
basic industries, making the total there 4,009,000. 
The decrease was for the most part seasonal, 
occurring in transport and agriculture, though 
there was a further drop in the number employed 
in coal mining. The total number of wage 
earners on colliery books at the end of September 
was 700,000, or 5000 less than a year earlier. In 
the manufacturing industries there was an 
increase of 49,000, bringing the total of employees 
to 9,322,000. The increase was most significant 
in the “ engineering, metal goods and precision 
instruments’? group, where an addition of 
24,000 brought the number employed in Sep- 
tember to 2,803,000, compared with 2,672,000 at 
the end of September, 1954. There was also an 
increase of 8000 in the vehicle building industry, 
the total at the end of September being 1,250,000, 
compared with 1,192,000 a year earlier. 

The most recent figures about unemployment 
relate to October 10th, when 215,155 people 
were registered as out of work, compared with 
202,221 on September 12th. The Ministry of 
Labour says that the October figure represents 
1 per cent of the total number of employees. 
It included 13,093 who were described as “* tempo- 
rarily stopped ” and 71,258 who had been unem- 
ployed for more than eight weeks. 
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National Machine Tool Show at 
Chicago 


BY OUR AMERICAN EDITOR 


No. II—{ Continued from page 673, November 4th) 


The American Machine Tool Show was held at the International Amphitheatre in 
Chicago from September 6th to September 17th and was attended by well over 


100,000 visitors. 


The exhibition was organised by the National Machine Tool 


Builders’ Association, and this article reviews certain advances in respect of 
design, construction and performance of particular interest. 


T LeBlond-Carlstedt “Rapid Borer,” which 
is shown in Fig. 14, is an interesting new de- 
velopment by the R. K. LeBlond Machine Tool 
Company, Cincinnati, Ohio. According to the 
firm, this machine will bore, trepan or counter- 
bore from three to eight times faster than can be 
done by the conventional “D’’-bit method. 
Demonstrations of the unit at the show included 
boring 1fin diameter holes in 8in long solid 
stainless steel at a rate of more than 7in per 
minute. The machine was developed particu- 
larly to accommodate new tooling which cuts 
at very high speed with excellent accuracy and 
finish. In operation cutting oil is forced between 
the boring bar and the hole wall forming a 
continuous bearing. It flushes back through a 
hole in the boring head and bar, carrying away 
the chips at the same time. The chip form 
is controlled both by tool angles and proper 
feed and speed combinations ; thus, the tool 
faces are kept clean and the chip passage 
clear. The cutter design employed produces 
balanced cutting pressures, thereby controlling 
concentricity. 

High spindle horsepower is necessary to take 
full advantage of the modern carbide tools for 
which this machine was developed. A variable- 
speed motor is usually employed, with as much 
as 60 h.p. for the 10in swing machine. For 
production runs, where correct speed has been 
established, a single-speed drive is satisfactory. 
Speed changes for other bore sizes are then made 
simply by changing the pulley. The main drive 
motor is connected directly to the spindle 
through belts, thus preventing vibration. The 
slight flexibility of the belt drive also prevents 
excessive shock loads on the tipped tools when 
starting a cut. Three bearings support the 
spindle. The spindle nose has an American 
Standard A-1 short taper for direct mounting 
of three jaw chucks. For production runs, a 
conical serrated driver is usually used to facilitate 
fast clamping of the work. Inserted in the front 
bore of the spindle is a spring-mounted seal. 
This prevents cutting oil spray as the tool 
breaks through the end of the workpiece ;_ it 
also helps to eject work when unclamping. 

The bed of the machine is of heavy construc- 
tion, made rigid by cross girths. In order to 


‘* Rapid Borer’ with boring depth indicator 


achieve maximum precision and finish, the foun- 
dation must be designed to eliminate vibration 
from nearby machines and prevent the build-up 
of sympathetic vibration. A locating bar on the 
bed provides for the attachment of a boring bar 
support for long bores, which is used when 
length exceeds fifty times the diameter. The end 
of the workpiece opposite the spindle is sup- 
ported by the pressure head, which in turn is 
mounted in the clamping slide. The pressure 
head guides cutting oil under pressure to the 
outside of the boring bar, sealing it against 
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absorb any induced vibration and to provide a 
rigid mounting for the pressure head. It is 
mounted to the bed by means of a large vertical 
jib on the front and a small horizontal jib at the 
rear. The clamping motion is obtained by an air 
cylinder with a 4in stroke ; the clamping pressure 
and direction of movement is adjustable from the 
control desk. On the small machine the clamping 
slide is moved into position manually ; a fast- 
lead screw adjusts the slide position on the larger 
machines. Clamping by air pressure allows easy 
adjustment of pressure so that higher force is 
used for heavy pieces and smaller force for light 
pieces, thus preventing distortion. Any increase 
in the length of the workpiece while under cut is 
compensated for automatically. Overloading of 
the spindle bearings is also prevented by the use 
of a pneumatic system. 

The boring slide feeds the boring bar through 
the pressure head and into the work. Friction 
collets hold bars up to 2in diameter ; larger bars 
are screwed into a flange which bolts to the face 
of the slide. The right end of the slide connects 
to the telescopic cutting oil piping. A hydraulic 
cylinder gives the boring slide its feed motion. 
The infinitely variable feed can be adjusted from 
the control desk while under load. The slide can 
also be rapidly advanced by push-button control. 
If the boring pressure exceeds the working 
pressure as set at the control desk, the boring 





Fig. 15—LeBlond 32in heavy-duty engine lathe with 125 h.p. variable-speed drive 


leakage. It provides a rotating clamping ring 
for the work and a boring bush to guide the 
cutter into the work. The rotating part of the 
head revolves on anti-friction bearings sealed 
from dirt. Several sizes are available, each for a 
range of outside work diameters ; in each range 
a variety of conical clamping rings can be fitted 
to suit the exact size of the workpiece. 

The clamping slide is of heavy construction to 


. 








slide will retract automatically at a fast rate. 
This prevents tool breakage in case the cutting 
edges have become dull or a hard spot is encoun- 
tered by the tool. The hydraulic system also 
provides for a counter pressure on the rod side 
of the cylinder, which dampens any pulsation 
and produces an extremely smooth feed. 

As cutting oil is discharged from the tooling 
bar it is carried away through telescopic piping. 
It terminates in a cyclone which reduces the 
velocity for discharge. It is important to observe 
the chip form as soon as possible after cutting has 
started. The diameter of the pipes for trepanning 
and counterboring is larger to accommodate the 
larger hollow boring bars. For solid boring the 
pipe size is smaller to allow for a faster discharge 
of the cutting oil and chips. An adequate 
volume of cutting oil of the right type is an 
important factor in successful boring. The com- 
pany states that supply and tankage should be 
about ten times the quantity of cutting oil 
circulated per minute by the pump ; this allows 
ten minutes for the fines to settle out, the oil to 
cool and for the escape of trapped air. A mag- 
netic filter should be provided for ferrous 
material to give at least 100 microns filtration 
(particle size—0-004in). To obtain better 
surface finish and for boring non-magnetic 
material a fine filter of the cartridge type is used 
following the main filter. 

A boring depth indicator is mounted on the 
control desk and tells the operator the exact 
position of the boring cutter with respect to the 
actual depth bored. It allows the retraction of 
the boring head for tool changing and re-entrance 
with rapid traverse before the feed rate is 
resumed. Two concentric dials each carry a 





Fig. 16—LeBlond 50in roll contouring lathe with hydraulic tracing device 


diamond-shaped indicator, the inner pointer 
reporting the actual position of the boring head 
at all times and the outer pointer showing the 
maximum boring depth reached. If the boring 


head is retracted the inner pointer returns to the . 


starting position as the cutter comes out of the 
hole, leaving the outer pointer to indicate the 
depth of the bore. When the tool is returned 
and begins to bore again both pointers move 
together. This unit also provides the means for 
automatic operation. As the feed is started the 
cutting oil pump motor is started and, after a 
three second delay, the spindle motor starts. 
When the full boring depth is reached the spindle 
motor is stopped and, after a delay to allow 
retraction of the boring head, the cutting oil 
pump motor stops. 

Fig. 15 shows one of this company’s well- 
known 32in heavy-duty engine lathes equipped 
with a 125 h.p. General Electric variable-speed 
Ward-Leonard drive. This extremely powerful 
drive is representative of the trend noticeable 
at this year’s exhibition toward greater horse- 
powers and infinitely variable speed drives 
taking the place of squirrel-cage a.c. constant- 
speed motors. The lathe illustrated has spindle 
speeds ranging from 42 to 1400 r.p.m. and fifty- 
six feeds ranging from 0-002in to 0-250in per 
revolution. The company expects this special 
high-power machine to find wide application for 
high-production turning of large forged and cast 
steel shafts and rolls. 

The firm has, developed a new series of roll 
contouring lathes which were exhibited at the 
show. A large cogging mill roll is shown being 
machined on the 50in lathe in Fig. 18. All of 
these machines are equi with a two- 
directional hydraulic tracer and therefore are 
especially suited for contouring large rolls with 
complicated steep angle contours. This lathe 
is offered in 25in, 32in, 40in, and S4Oin 
sizes, thus making available a suitable machine 
for the majority of roll turning work. The tool 
motion, in both directions, is powered by two 
hydraulic motors, which are automatically con- 
trolled through a single valve actuated by the 
tracing stylus as it follows the contours of a flat 
template mounted at the back of the lathe. One 
motor is mounted at the back of the carriage and 
drives the cross feed screw; the other one is 
mounted in the conventional back box position 
and powers the feed rod which controls the 
carriage. Mechanical power rapid traverse to 
the carriage and cross slide in both directions is 
built into the apron. Furthermore, hydraulic 
rapid traverse can be used to retract the cross 
slide when under tracer control. 

All controls of the lathe are conveniently 
situated at the apron and include the controls for 
mechanical power rapid traverse, spindle speed 
rate, feed rate, and spindle rotation. The 
hydraulic feed can be varied during a cut without 
interrupting the finish. For roughing it is 
possible to by-pass the cross feed and to use the 
length feed separately. This enables the operator 


THE ENGINEER 


to set the depth of cut manually and to use the 
template as a length stop. In this manner the 
excess stock in a roll pass can be quickly roughed 
out by cutting back and forth between the walls 
of the pass. Standard feeds and threads are 
available through the mechanical quick-change 
box. A safety interlock prevents the tracer 
motors from operating while the mechanical feed 
is in use. The lathe can be equipped with a d.c. 
motor and control allowing stepless variation of 
the spindle speed to be controlled at the carriage. 
Speed can be changed during a cut without 
stopping the machine, and a safety switch cuts off 
the entire machine should the pressure in the 
hydraulic system drop below a predetermined 
minimum. 
THE MONARCH MACHINE TOOL COMPANY 


An important development in metal turning 
is the new ‘“‘ Dyna-Shift’’ heavy-duty centre 
lathe which was exhibited on the stand of the 
Monarch Machine Tool Company, Sidney, 
Ohio. This machine, which is illustrated in 
Fig. 17, provides automatic machine calculation 
of necessary spindle speed to secure the desired 
surface cutting speed and offers thirty-six spindle 
speeds in a ratio of 125 to 1. 

The ‘ Dyna-Shift’’ headstock is the major 
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Fig. 17—Monarch ‘‘ Dyna-Shift ’’ heavy-duty centre lathe 


design innovation of these lathes. It makes 
it unnecessary for the operator ever to have to 
compute the spindle speed he needs to run at 
the right surface speed. He merely has to set 
two large dials on the headstock, one for the 
work diameter to be turned, the other one for 
the surface speed needed. The machine calcy- 
lates the necessary revolutions per minute and 
makes the shift automatically. The control 
lever on the front of the headstock has three 
positions: ‘“‘ Free,” “Run” and “Shift.” To 
change speed, the operator sets this lever to “Shift” 
position, and the spindle stops immediately, 
An interlock inside the headstock will not 
permit the gears to make the shift until the gear 
train is completely stopped. In the “ Free” 
position the operator can rotate the spindle 
easily by hand and in the “ Run” position he 
can start the spindle by pushing down the work 
start and stop lever, or he can “ jog ’’ the spindle 
by simply raising the work start and stop lever. 
The work will then continue to “ jog” until the 
lever is released. Work start and stop is con- 
trolled by dual levers, one at the headstock end 
of the machine, the other on the apron. The 
operations of the headstock are completely 
interlocked so that it is impossible to cause 
damage to the machine. 


Fig. 18—Multiple-spindle, automatic drilling, tapping and countersinking "ae with indexing dial feed— 
Bodine Corporation, Bridgeport, Connecticu 
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All electrical controls are at the front of the 
headstock where they can be used by the operator 
without stooping or hunting. Included in the 
control grouping are the main drive motor 
forward and reverse starting push-buttons, with 
lights to indicate the motor direction ; the main 
drive motor mushroom head stop-button and 

for push-buttons for optional équipment. 
In addition there is a horsepower meter which 
tells the operator, at a glance, the amount of 
main drive motor horsepower he is utilising. 
Also at the front of the headstock is the manual 
jeadscrew reverse lever. The headstock gearbox 
provides a range of forty-eight commonly used 
threads and feeds. The range of threads per 
inch is one-half to twenty-eight, and the range 
of feeds per revolution is 0-0035in to 0-196in. 
The end gear train is situated on a quadrant and 
on studs having fixed centres. This permits 
changes of gearing for chasing odd leads or the 
substitution of metric transposing gears. 

The apron of the lathe was designed with all 
control elements positioned so that they are at a 
natural height for the average operator. The 


Fig. 19—Cincinnati universal milling machine with 
angular milling head 


apron is equipped with four-way power rapid 
traverse. The rapid traverse is hydraulically 
‘powered and permits movement of the carriage 
right or left and of the cross slide in or out. 
The variable speed provision virtually eliminates 
manual traverse by means of hand-wheels even 
for close positioning of the tool. 

The tailstock is equipped with a two-speed 
range which permits the rapid advancing or 
retraction of the tailstock spindle or a slow, 
close control of spindle movement for drilling 
or final positioning of the tailstock centre. 
Transporting of the tailstock from one point to 
another on the bed is under power. This is 
accomplished by engaging a plunger in the right 
front carriage wing with the tailstock and using 
the longitudinal power rapid traverse to impart 
movement to the tailstock. 


THE CINCINNATI MILLING MACHINE COMPANY 


The universal milling machine illustrated in 
Fig. 19 is one of the new series of dial-type 
machines which were exhibited by the Cincinnati 
Milling Machine Company, Cincinnati, Ohio. 
These milling machines are now being built in 
No. 2, No. 3 and No. 4 sizes and of plain, 
universal and vertical design in each size. The 
spindle speeds range from 18 to 1800 r.p.m. 
for the No. 2 size, and 16 to 1600 rp.m. 
for the No. 3 and No. 4 sizes. The spindle 
speeds are indicated by a large dial on the left- 
hand side of the column, and are selected by 
“increase ’’ and “ decrease”? push-button sets 
mounted at the main control board, the front 


THE ENGI NEER 


Fig. 20—‘‘ Bowage ’’ automatic-cycle, plunge-cut grinding machine with double wheel head—Van 
Norman Company, Springfield, Massachusetts 


of the knee, or at the left-hand side of the 
column, as desired. The familiar starting lever 
has been eliminated, and push-buttons now start 
and stop the spindle drive. Three electrical 
control buttons are mounted at the right-hand 
side of the column and start the motor, stop the 
motor and start and stop the coolant pump. 

A synchromesh principle is incorporated in 
the spindle drive. When the motor is running, 
the gear train constantly rotates at a very slow 
rate to facilitate shifting of gears and eliminate 
clashing noises. The spindle drive clutch and 
brake are hydraulically operated and require no 
adjustment. A total of thirty-two feeds, ranging 
from #in to 90in per minute, are selected with a 
knob ; one mounted at the front and one at the 
rear operating stations. A large feed indicator 
dial is situated on the side of the knee. The 
power rapid traverse is at the rate of 150in per 
minute, and both the feeds and the rapid traverse 
are now powered by an independent 3 h.p. 
motor mounted on the knee, permitting the full 
power of the main drive motor to be transmitted 
to the spindle. The feed box is a self-contained 


unit mounted in the knee. The plain and vertical 
machines are available with and without auto- 
matic table cycles. When equipped with this 
mechanism the machine retains all its versatile 
characteristics for tool-room milling, and in 
addition, a single four-position lever is provided 
for manual table control. Automatic cycle 
machines may be tooled up with one fixture for 
one-way single cycles, or fixtures at both ends 
of the table for two-way reciprocal milling, either 
continuous or with a central safety stop. 

Instantaneous engagement of feeds at the 
higher rates is smooth and sure due to a new 
spring clutch employed on the table feed screw. 
Additional operating safety is obtained by the 
automatic knock-out of the table hand-wheel and 
an interlock arrangement in the rear hand-crank 
sockets for cross and vertical traverse, preventing 
them from being operated when the correspond- 
ing power feed is engaged, and vice versa. 

Figs. 18, 20 and 21, show an interesting multi- 
spindle drilling machine, an automatic cycle 
grinder and a large hydraulic shaping machine. 

( To be continued ) 


Fig. 21—24in hydraulic ram shaping machine with infinitely variable speeds and feeds—Rockford Machine 
Tool Company, Rockford, Illinois 
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Personal and Business 


Appointments 
LONDON TRANSPORT announces the appointment 
of Mr. A. G. Evershed as commercial officer. 


Mr. G. S. SaMways has been appointed a director 
of Sanderson Brothers and Newbould, Ltd., Newhall 
Road, Sheffield. 


Mr. A. T. SALMON has been appointed assistant 
public relations and publicity officer, London Midland 
Region of British Railways. 


Meta INpustrigs, Ltd., states that Mr. W. A. 
Wilden has been appointed Eastern counties repre- 
sentative of Cox and Danks, Ltd. 


COMMANDER COLIN Buist, R.N. (ret.), has been 
appointed deputy chairman of Horseley Bridge and 
Thomas Piggott, Ltd., Tipton, Staffs. 

K.G.S. BEARING Company, Ltd., Tettenhall, 
Wolverhampton, states that Mr. J. McFarlane has 
been appointed sales manager for Scotland. 


Mr. N. A. DeicHTon has been appointed chief 
engineer (sales), and Mr. J. R. Fish, chief engineer 
(design) of J. and H. McLaren, Ltd., Leeds. 


WickMAN, Ltd., announces the appointment of 
Mr. George Archibald as acting area manager in the 
Glasgow area, in succession to Mr. J. Macgregor. 

Birtec, Ltd., Tyburn Road, Erdington, Birming- 
ham, 24, states that Mr. T. G. Tanner, technical 
director, has been appointed deputy managing 
director. 

THE NaTioNAL Coat Boarp announces the 
appointment of Mr. J. Howie Mitchell as deputy 
director-general (manpower and training) in the 
industrial relations department at headquarters. 


Mr. C. Conway, of James Morton, Ltd., and Mr. 
H. E. Reynolds, of Dobbie McInnes, Ltd., have been 
elected president and vice-president, respectively, of 
the British Nautical Instrument Trade Association. 


Mr. J. Appison has been appointed genera! 
manager of Iranian Oil Participants, Ltd., in succes- 
sion to Mr. H. E. Snow, who has been reappointed 
a managing director of The British Petroleum 
Company, Ltd. 

ASSOCIATED BRITISH ENGINEERING, Ltd., states 
that Mr. W. A. Greenhill has been appointed manag- 
ing director of The Bergius Company, Ltd., in 
succession to Mr. A. D. Mackay, who has become 
deputy chairman. 


Mr. -JoHN Boye, A.M.I.C.E., has been appointed 
joint chief engineer of Ind Coope and Allsopp, Ltd., 
Burton-on-Trent. He succeeds Mr. J. H. Wardle, 
who is retiring on medical advice, but who will act 
as the company’s consultant engineer. 


MONSANTO CHEMICALS, Ltd., states that Mr. D. R. 
Mackie, commercial director, has been appointed 
acting managing director, in succession to Mr. 
P. A. Singleton, who has resigned from the board to 
take a new appointment with Monsanto Chemical 
Company, St. Louis, U.S.A. 


THE SHEEPBRIDGE GROUP OF COMPANIES announces 
the following appointments: Mr. J. Glyn Jones, 
48, Rydal Avenue, Sale, Cheshire, technical sales 
representative in the N.W. area of Sheepbridge Alloy 
Castings, Ltd., and Sintered Products, Ltd.; Mr. 
V. S. Jackson, southern area technica! sales repre- 
sentative of Hardinge Machine Tools, Ltd.; Mr. 
J. H. Dawson, technical sales engineer of Twiflex 
Couplings, Ltd. 

PRESSED STEEL Company, Ltd., Cowley, Oxford, 
has announced the following appointments: Mr. 
M. A. H. Bellhouse, managing director ; Mr. F. E. 
Cairns and Mr. W. E. Lambourn, joint deputy 
managing directors; Mr. J. A. Keyden, assistant 
managing director; Mr. J. S. Kean, secretary. 
Mr. A..L. Shuttleworth has relinquished the office of 
managing director, owing to ill health, and has been 
appointed joint deputy chairman. 


Business Announcements 
WIcKMAN, Ltd., has opened a new area office at 


36, Market Street, Nottingham (telephone : Notting- 
ham 43850). 


STANLEY Howarp, Ltd., has moved to 73, Devon 
Street, Saltley, Birmingham, 7 (telephone: Aston 
Cross 1275). 

Mr. J.. M. Brooke, managing director of the 
Venner group of companies, has left for a business 
tour in the U.S.A. and Canada. 

British INSULATED CALLENDER’s CABLES, Ltd., 
states that the telephone number of its sales office at 
113, Canwick Road, Lincoln, has been changed to 
Lincoln 21351. 


McKecuNice BroTHers, Ltd., is opening, on 
November 14th, an export department at 14, Berkeley 
Street, London, W.1 (telephone : Hyde Park 9841). 


THE INDUSTRIAL FAN AND HEATER COMPANY, Ltd., 
Airflo Works, Birmingham, 11, has opened a South 
Wales office at 256, Oxford Street, Swansea (tele- 
phone : Swansea 50149). 

THE British RUBBER DEVELOPMENT BoarD states 
that on January Ist it is to be renamed The Natural 
Rubber Development Board. Its address will con- 
one to be Market Buildings, Mark Lane, London, 

Davey, PAXMAN AND Co., Ltd., Colchester, 
announces an agreement with Breda Motori S.p.a., 
Milan, by which the latter company will manufacture 
and sell in Italy the Paxman “ YL ” engine. 

Mr. D. R. O. Tuomas, chief education officer of 
The United Steel Companies, Ltd., is leading a team 
of British educationalists who are studying “‘ day 
release ” education arrangements in Germany. 


THE British TRANSPORT COMMISSION announces 
the retirement of Mr. C. S. Douglas from the post 
of assistant (purchasing and sales). Mr. Douglas 
has completed nearly forty-nine years’ service with 
the railways and the Commission. 

West INSTRUMENT, Ltd., has been formed as a 
British subsidiary of the West Instrument Corpora- 
tion, of Chicago. Mr. James A. Hartnett is the 
managing director of the new company which is 
Operating from 1, Newman Street, London, W.1 
(telephone, Museum 3588), pending the completion 
of a new factory at Hersham, Surrey. 


Contracts 


THe G.E.C. TELEPHONE Works, Coventry, have 
recently concluded negotiations with the Telephone 
Organisation of Thailand for the supply and instal- 
lation of automatic telephone equipment in the 
capital city of Bangkok to a value of £300,000. 

W. H. Dorman AND Co., Ltd., Stafford, states that 
Mechron Engineering Products, Ltd., Ottawa, one 
of its Canadian agents, has received a contract from 
the Department of Defense Production for a number 
of electric generating sets for the Mid-Canada 
distant early warning stations. The sets will be 
powered by Dorman “ L ” series diesel engines. 

THe Power-Gas CorPORATION, Ltd., Stockton-on- 
Tees, has been appointed by Imperial Chemical 
Industries, Ltd., Billingham Division, to act as main 
contractor in connection with a substantial extension 
of the I.C.I. ammonia synthesis gas plant. I-C.1. is 
designing the oil gasification units in accordance with 
information supplied by the Texaco Development 
Corporation. Oil will be gasified with oxygen under 
pressure and the equipment to be provided will also 
include oxygen plant, carbon monoxide conversion 
plant, gas purification plant and compressors. As 
part of the purification train the Power-Gas Cor- 
poration, Ltd., is designing and supplying a plant 
for the removal of carbon dioxide and hydrogen 
sulphide by means of hot potassium carbonate 
solution. 

Tue British THOMSON-HousTON ComPANY, Ltd., 
Rugby, has received an order valued at over £250,000 
from the National Coal Board (N.E. Division, No. 2 
Area) for two automatically controlled, tower- 
mounted, electrically-driven, four-rope friction win- 
ders for Brodsworth Colliery in Yorkshire. Each 
winder will be of Ward Leonard design, twin-motor- 
driven, having a total driving horsepower of 
2700, and each equipment will consist of two d.c. 
motors, rated at 1350 h.p., running at 600 r.p.m. 
The drum for each winder will be 12ft in diameter 
and arranged to accommodate four 1;in diameter 
winding ropes in parallel. B.T.H. will be main 
contractor for the winder installation, including the 
electrical portions and the main reduction gears. 
The sub-contract for the mechanical portions has 
been placed with Markham and Co., Ltd., Chester- 
field. It is expected that both equipments will be 
installed during 1958. 

THe GENERAL ELectric Company, Ltd., has 
received an order, to the value of approximately 
£93,000, for a fully-automatic Ward Leonard control, 
four-rope friction winder, to be installed at Seafield 
Colliery, East Fife Area, National Coal Board. The 
winder will serve the No. 1 shaft at this colliery and is 
designed to raise a coal load of 15 tons per wind in 
skips, from a depth of 1930ft. The 10ft diameter 
friction drum will have a speed of 59-45 r.p.m. and 
carry four l4in diameter locked coil ropes. Twin 
d.c. motors of 1350 h.p., to be built at the company’s 
Witton works, will drive the drum through single- 
reduction gearing and will be supplied from a Ward 
Leonard set driven by a 2300 h.p. synchronous 
induction motor. 


Miscellanea 

Licut VesseL.—The Light Vessel ‘* Shearwater.” 
which has been built by Philip and Sons, Lid., for 
the Commissioners of Irish Lights, will shortly take 
up station on the Kish Bank, Dublin. The ship 
has a length overall of 136ft Sin, a beam of 25ft, 4 
depth moulded of 15ft, and the electric light placed 
at 40ft above sea level has a range of 10 miles. 


TANKER OWNERS’ ASSOCIATION.—We are informed 
that the International Tanker Owners’ Association, 
Ltd., which operated from 1934 until the outbreak of 
war and afterwards renewed its meetings, has adopted 
an amended constitution to suit post-war conditions 
and promote international co-operation among inde- 
pendent tanker owners. Secretarial duties will be 
undertaken by the Chamber of Shipping of the 
United Kingdom. 


Science GRADUATES.—In a written Parliamentary 
reply, the Financial Secretary to the Treasury states 
that the number of graduates in pure science is about 
80,000. Nearly one-third are employed in teaching 
in schools, technical colleges and universities, and 
about one-eighth are in the public service, including 
the defence departments, and the Atomic Energy 
Authority. About 3000 young graduates are under- 
taking post-graduate research or instruction courses, 
and the balance are employed mainly in industry, 


ADDITIONS TO RANGE OF Goops VEHICLES.—The 
Commer “ Superpoise”’ range, referred to in this 
column on October 7, 1955, now includes }-ton and 
1}-+ton models with four-cylinder engines. The 
engine has push rod o.h.v. gear, but retains the 
porous chrome cylinder bores of the side valve 
version. A lower bonnet than on the sixes gives 
better visibility. On a 9ft 4in chassis there are avail- 
able a }-ton pick-up and }ton and 1}-ton vans, 


while body builders may also obtain a 10ft 4in chassis, 
The o.h.v. engine is now standard on the 10ft 3in 
forward control vehicle and the Karrier “‘ Bantam.” 


MeTALs aT Low TemPeratures.—The Institute of 
Metals is arranging a meeting at 4, Grosvenor 


Gardens, London, S.W.1, on Wednesday, December 
7th, at 6.30 p.m., to present a report on the recent 
low-temperature conference in Paris. Sir Francis 
Simon, F.R.S., is to introduce the subject, explaining 
why low temperatures are becoming increasingly 
important to the metallurgist, and the other speakers 
will include Dr. P. L. Smith and Dr. H. M. Rosenberg, 
who will report on the proceedings at the Paris con- 
ference. They will deal with such matters as the work 
on thermal and electrical conductivity, the specific 
heats of metals, and some of the mechanical pro- 
Perties of metals at low temperatures. 


SHEETMETAL WoRKING MACHINE MosiLe DeMon- 
STRATION Unit.—We are informed by Alfred Herbert, 
Ltd., Coventry, that in order to demonstrate the 
applications of “ Pullomax” universal plate and 
sheet-metal working machines at potential customers’ 
works, a mobile demonstration van has been placed 
in service. This van is equipped with a “B2” 
machine, one of the eight sizes made, which has a 
Maximum edge cutting capacity of fin. The unit 
also carries attachments for edge cutting, internal 
and external cutting, straight and irregular slot pierc- 
ing, louvre cutting, edge bending, flanging, doming 
and folding. When the van arrives at the demonstra- 
tion site the machine is drawn backwards on support 
rails till its working head projects out of double- 
opening rear doors at a convenient height for opera- 
tion. All that is then necessary is to connect the 
machine to the normal power supply before giving 
working demonstrations. 


TRAVELLING EXHIBITION OF MECHANICAL HANDLING 
PLANT.—In order to demonstrate the varied uses of 
the mechanical handling plant made by Lansing 
Bagnall, Ltd., of Basingstoke, to industrialists through- 
Out the country, the firm has chartered and equipped 
a special train from British Railways to tour the 
Principal manufacturing centres. The five main 
coaches of the train carry a selection of the fork- 
lift trucks, pallet and stillage trucks, tractors and 
trailers made by the firm ; another coach is fitted up 
as a cinema for displaying films showing the handling 
equipment in use ; and another as a conference and 
refreshment room. The equipment carried has been 
selected to show the widest possible range of applica- 
tions, and to demonstrate the extent to which goods 
of most kinds can be handled quickly and economic- 
ally with a minimum of labour by suitable plant. The 
train is visiting Bristol, Cardiff, Liverpool, Manchester, 
Glasgow, Newcastle, Leeds, Hull, Sheffield, Notting- 
ham, and Birmingham, where industrialists can see 
the demonstrations and films, and have oppor- 
tunity to discuss individual handling problems with 
the firm’s staff accompanying the train. 
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British Patent Specifications 


When an invention is communicated from abroad the name and 
address of the communicator are printed in italics. When an 
ement is not illustrated the specification is without drawings. 
— first given is the date ov ; the second date, 
at the end of the abridgement, is t date of publication of the 
te specification. Copies of specifications may be obtained 
the Patent Office Sales Branch, 15, Southampton Buildings, 
Chancery Lane, W.C.2, 3s. each. 


MINING ENGINEERING 


735,900. January 12, 1953.—MEANS FOR INTRO- 
pucING SOLID MATERIAL INTO LiguiID UNDER 
PressuRE, Coal Industry (Patents), Ltd., Hobart 
House, Grosvenor Place London, S.W.1. 
(Inventor : Richard Henry Bryan Winder.) __ 

In the hydraulic transportation of coal, difficulties 
have been experienced in introducing the coal into 
ipelines containing water under pressure. An 
object of the invention is to reduce or obviate these 
iffculties and the invention is described in relation 
to this particular field, but it will be appreciated that 
it can be employed in connection with other solid 
and liquid substances. The device illustrated in the 
drawing comprises a casing A in which is a rotary 
impeller B carried on a driving shaft C which enters 
the casing through a bearing and seal. The impeller 
has an open inlet sleeve D through which coal 
is introduced. Four radial vanes E in the impeller 
cause water in the casing to rotate at high speed so 
that an adequate pressure is created at the internal 
periphery of the casing. Water from a pressure 
source is fed in through an inlet connection F pro- 
vided with a nozzle G and water and coal pass out 
through an outlet connection H to a pipeline. In- 
stead of or in addition to the connection F, water may 
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be fed in through a nozzle J to provide a partly radial 
jet for guiding coal towards the outlet connection 
H. Thes of the impeller is such that there is no 
tendency for water to approach the centre, and all 
the passages for coal are made large enough to en- 
sure that there is no risk of jamming. Various 
modifications may be introduced without departing 
from the invention, several of which are enumerated 
in the specification.—August 31, 1955. 


INTERNAL COMBUSTION ENGINES 


735,728. January 12, 1953.—STARTERS FOR ENGINES, 
Inertia Starter Developments, Ltd., 6, Bishops- 
gate, London, E.C.2, Victor Silberstein, and 
Leonard Stanislaw Danilewicz, both of the 
company’s address. 

The invention consists in a starter of the kind in 
which means are provided for pushing the pinion 
against a resilient constraint into the engine-en 
position, the means including a latch comprising a 
collet which is formed with cantilever fingers con- 
strained to rotate with the pinion and open centrifu- 
gally at a predetermined speed to permit retraction 
of the pinion from the engaged position. The mechan- 
ism, as shown in the drawing, comprises a pinion A 


mounted at one end of an axially movable shaft B 


attached at its other end to a coaxial collet C in the 
form of an open ended cylinder with longitudinal 
cuts in its wall The collet fingers which may be 
four in number, have radially inwardly directed tips 
D to leave a small central aperture adapted to re- 
celve a pin E projecting from the end of a coaxial 
Push rod F, the pin being of smaller diameter than 
the adjacent end of the rod, which is of such 
diameter, that it may be received within the aperture 
When, but only when, the of the collet are 
deflected outwards as under the influence of centrifugal 
force. The collet and adjacent end of the push rod 
Constitute the latch. The push rod carries an abut- 
ment G, engaged by a spring-loaded pivoted arm 
H with a cranked end J, the arm extending, in the 
engaged position, in a direction generally parallel 
{0 the shaft. The abutment and pivoted arm con- 
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stitute a second latch, to retain the push rod in a 
position against the action of a return 

spring K. A sleeve L is mounted on shaft B embracing 
collet fingers to prevent undue outward motion 
and trips the second latch by engagement against 
arm H when the pinion moves to a retracted position. 
Between the pinion A and collet the shaft carries a 
spur wheel M with a spur wheel N connected 
to a member of a clutch, the other member of which 
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rotates with a starter flywheel. The spur wheel M 
serves as an abutment for a pinion return spring O. 
For driving the starter flywheel an electric motor is 
provided, the motor, clutch and starter flywheel not 
being separately shown but being housed in casing 
P. The motor is connected in series with a resistor 
R mounted in the suction manifold S of a diesel 
engine, in which the starter is incorporated. Also 
in series with the electric motor there is a switch 
T arranged to be closed whilst pinion A engages 
spur wheel U on the crankshaft of the engine, by the 
action of an annular abutment V on the sleeve. 
The same annular abutment serves to disengage the 
second latch when the pinion, and therefore the sleeve, 
is retracted.— August 24, 1955 


GAS TURBINES 


735,186. September 14, 1951.—HEATING UNITs FoR 
COMBUSTION TURBINES, C. A. Parsons and Co., 
Ltd., Heaton Works, Newcastle upon Tyne, 6. 
(Inventor : Waldemar Hryniszak.) 

The drawing shows a regenerative heat exchanger 
constructed according to the invention and earlier 
patent claims mentioned in the specification, forming 
what is termed a frontal arrangement of combining 
a combustion chamber with a composite preheater. 
The combined cold gas sides of the elements are on 
an outer annulus A and the combined hot gas sides 
on an inner annulus B. On leaving the outlet C 
of the cold side, the preheated air is split up into 
primary and secondary streams by vanes D equally 
spaced over the circumference so that a primary air 
stream circumferentially alternates with a secondary 
air stream. The primary air is mixed with the 
vaporised fuel passing through a tube system E 
which leads to a heating coil F near the inlet G of 
the hot gas side. The fuel-air mixture is evenly dis- 
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tributed over a flame trap due to the resistance of 
the latter, passes through it, and then burns some 
distance away from it in the combustion space H. 
The secondary air is mixed with the combination 
gases by suitably shaped vanes J at the appropriate 
place. This type of combustion chamber demands 
low gas and air velocities, especially through the 
flame trap, as these —" the length of flame and 
the distance away from the trap which may be 
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termed behind or in front of the trap depending on 
the aspect of viewing at which the flame develops. 
Hence it is suitable for combining with a regenerative 
air preheater whose matrix has the same characteristic 
of requiring low gas and air velocities. The matrix 
itself may also be of the flame trap type. The flame 
is non-luminous and preferably should be lin to 2in 
long. The gas velocity is preferably, say, 7ft to 10ft 
per second. “Modified designs are also shown in 
the specification.—August 17, 1955. 


CRUSHING MACHINES 


737,021. March 11, 1953.—CRUSHING™ MACHINE 
WITH RELATIVELY MOVEABLE GRINDING Discs, 
Herbert Alfred Merges, trading as Condux- 
Werk Herbert A. Merges KG, of Wolfgang bei 
Hanau, Germany. 

The invention relates to an arrangement on refiners 
with fixed and rotating grinding discs which are 
movable relatively to each other and in which the 
rotating grinding disc is resiliently flexibly coupled 
with the driving shaft, and it is characterised by 
the fact that the coupling consists of a pile of annular 
elastic discs preferably with dampening intermediate 
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layers. In the drawing, as shown, the machine con- 
sists of the mill casing A and the stationary grinding 
disc 5, which is rigidly connected to the lid C, 
centred on the casing. The rotating disc D is fixed 
on the supporting plate E and the hub F of the disc is 
connected with the driving shaft G by means of the 
cone clutch H. The driving shaft is mounted in the 
casing by means of the bearing J. Inserted between 
the supporting plate E and the hub F is a flexible 
coupling K consisting of separate piled annular 
elastic discs, connected with the disc E and the hub 
by bolts. The elastic discs may, if it be desired, be 
provided with dampening intermediate layers. Owing 
to this coupling the grinding disc D or the supporting 
plate E can within certain limits move axially and 
carry out tilting movements, returning to its normal 
position after the deviation.—September 21, 1955. 


PIPE AND TUBE CONNECTIONS 


737,770. August 31, 1953.—Pire Joints, Stewarts 
and Lloyds, Ltd., 41, Oswald Street, Glasgow. 
(nventor : Alfred Clift.) , 

The invention relates to pipe joints of the kind in 
which the externally screw-threaded ends of a pair of 
adjacent pipe ends are interconnected by an internally 
screw-threaded sleeve, its object being to enable the 
gaps between the pipe ends to be sealed in a simple 
and convenient manner. In the drawing each of the 
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pipes A is provided with a non-corrodible lining B. 
Rie ie adjacent ends of the pipes have formed on 
each of them an external and tapered screw thread, 
the ends being interconnected by an internally screw- 
threaded sleeve C. For sealing the gap between the 
tube ends there is provided a ring D made from 
rubber or synthetic plastic, or from a metal such as 
zinc, which is not corrodible by the fluid, gas or 
liquid, to be conveyed by the pipes. Within the 
ring is formed an annular groove E of such width 
and depth as will enable the ring to be contracted 
axially by the endwise pressure exerted on it when 
the joint is made. The ring fills the gap between the 
pipe ends and so protects the end surfaces of the 
pipes and the intermediate part of the surface of the 
sleeve C that would otherwise be exposed. In 
addition there may be incorporated in the joint a 
bush G of non-corrodible material, which is useful 
when the gap between the tube ends is unavoidably 
barr i can be closed by the ring D.—September 
28, 1955. 
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Launches and Trial Trips 


Crry oF CoLomBo, open shelter deck cargo liner ; 
built by Barclay Curle and Co., Ltd., for the Ellerman 
Lines, Ltd.; length 470ft, breadth 65ft 6in, depth 
32ft 6in ; one 70-ton, two 12-ton, six 10-ton, four 
7-ton and four 5-ton derricks, electric deck machinery ; 
one 320kW, and two 240kW diesel-driven generators, 
one exhaust gas boiler ; Barclay Curle-Doxford oil 
engine, six cylinders, 750mm diameter by 2500mm 
combined stroke. Launch, October 7th. 


VILLE DE Bouair, cargo ship; built -by the 
Chantiers Dubigeon for the Societe Algerienne de 
Navigation ; length overall 261ft 2in, length between 
perpendiculars 238ft 64in, breadth moulded 38ft Sin, 
depth 21ft 10in, draught 15ft 1zin, deadweight 1450 
tons, loaded trial speed 13-5 knots ; M.A.N. eight- 
cylinder, single-acting, four-stroke, diesel engine, 
1500 h.p. at 265 r.p.m. Trial October. 





Forthcoming Engagements 


Secretaries of Institutions, Societies, &c., desirous of having 

notices of meetings inserted in this column, are requested to note 

that, in order to make sure of their insertion, the necessary informa- 

tion should reach this office not later than a fortnight before the 

meeting. In all cases the TIME and PLACE at which the meeting is 
to be held should be clearly stated. 


BELFAST ee OF ENGINEERS 
Wed., Nov. 16th.—College of Technology, yy “ Fuel Oil 
Firing Equipment for Land Boiler Plant,”” D. A. Monk, 
.30 p.m. 


CHADWICK PUBLIC LECTURE 
Thurs., Nov. 17th.—Royal Society for the Promotion of Health, 

90, Buckingham Palace Road, London, S.W.1, “* The Cen’ 
of London's Main Drainage System,”” J. 


CHEMICAL 
Thurs., Nov. 17th.—TILpEN LECTURE 
Theatre, Imperial College of Science and Ps a oe ig oe 
Kensington, London, S.W.7, a dy A oe 
Study of Physical Adsorption, D. H. Everett, 7.30 p.m. 
Thurs., Nov. 24th.—BrisTOL BRANCH : Chemistry 
University, Bristol, “Magnetism and the —- | 
Molecules,”’ R. S. Nyholm, 5.15 p.m. 


DIESEL ENGINE USERS ASSOCIATION 
Thurs., Nov. 17th—Caxton Hall, Westminster, London, S.W.1, 
“ Failures of Diesel a~ Valve Springs with particular refer- 
ence to Fatigue,’’ J. H. Darley, 2.30 p.m. 


ILLUMINATING ENGINEERING SOCIETY 
Tues., Nov. 22nd.— NN CENTRE: Lighting Service Bureau, 
2, Savoy Hill, W.C.2, “ Ship Lighting,’’ T. Catten, 6 p.m. 


INCORPORATED PLANT ENGINEERS 
To-day, —_ 11th, —BIRMINGHAM BRANCH : Imperial Hotel, 
“‘ Wire Ropes,’”’ N. B. Yates, 7.30 p.m. 
Mon., Nov. 14th_—DUNDEE BRANCH: Mathers Hotel, Dundee, 
Discussion on “ Fire Prevention,” N. —, 7.30 p.m. 
Wed., Nov. 16th.—KENT BRANCH : Hotel 
“ Refrigeration and its Application,”’ Rr F. Brown, 7 p.m.—— 
WESTERN BRANCH i 


Thurs., Nov. 17th.— BLACKBURN : Golden Lion Hotel, 
Blackburn, “* Rockets and Space Travel, i Me Y= 7.30 p.m. 
Tues., Nov. 22nd.—S. WaLes BRANCH : Wales Institute of 
Engineers, Park Place, Cardiff, Th of Address given by 
Sir Oliver Lyle, 7.15 p.m. 
24t N. WaLes BRANCH : 


Thurs., Nov. A. AND 
Chester. Informal Discussion 


tenary 
Rawlinson, 5.30 p.m. 


Grosvenor Hotel, Group, 
7.15 p.m.——SHEFFIELD AND : Grand Hotel, 
S id, “ The Treatment of Effiuents,’’ 7.30 p. m. 
INDUSTRIAL WELFARE os 
Tues., Nov. 29th.—Robert Hyde House, 48, Bryanston Square, 


London, W.1, One-day Conference, “ Personnel and Welfare 
Problems i in ‘the Smallex Firm,”’ 10 a.m. to 5 p.m. 


INSTITUTE OF BRITISH FOUNDRYMEN 
Tues., Nov. 15th.—COVENTRY AND DIsTRICT SECTION : Sate AS 
Technical College, one tong “Hot Blast Cupolas,”’ W. 
Driscoll, 7.30 p.m.——E. SECTION : Hibs Library 
Old Foundry Road Entrance, Ipswich, “ Casting Defects 


BRANCH : aes apg Hotel, Aldwych, 
C.2, “ Production of Cores and Moulds in Bri itish Foundries 





ton, 
A. Talbot, 7.30 P.m.——SOUTHAMPTON SECTION : 
ts in High-Chromium Cast Iron,” H. P. Hughes 


Deve! 
and J. Monaghan, 7.30 p.m. 
INSTITUTE OF FUEL 
Wed., —e. 16th.—N.W. Section: Engineers’ Club, ago 
Manchester, “The Effect of Coal Quality on 
of a Shell Boiler beg with a Travelling-Grate 
Stoker,”’ E. J. Macdonald M. V. Murray, gl | eo 
YorxsHire Section: Hotel * Nuclear 
Po tions,”’ 2.30 p.m. 
Wed., Nov. 23rd.— IN of Civil 
i Great George Street, wre ” Soden Industria! 
Dust Collection,”’ C. J. S Lb .m. : 

Thurs., Nov. 24th.— ECTION: Liverpool 
Engi ing Society, 9, The Temple, le » Li i 
“Some Problems in ic Heating,” J. S. Hales, 7 p.m. 

James Institute, 


—MIDLAND SECTION : 
Great Charles Street, Birmingham, 3, “ Industrial Aspects of 
the Beaver Report,”’ G. Nonhebel, 6 p.m. 
i i Pe ne OF NAVIGATION 1, K 
ri., Nov. — Society, ensington 
% ndon, s.W.7, - Do We Go From Here 7?” 
D. O. Fraser, 5 p.m. 


Wed., Nov. 16h SEAsOw 
Refinery Uti 


how, 2.30 p.m. 
INSTITUTE OF REFRIGERATION 
Thurs., Nov. 24th.—Institution of Mechanical , 1, Bird- 
cage Walk, Westminster, London, S.W.1, “ Con- 
nected with the Cooling of the human ly by Means of 


Mechanical Refrigeration,’* L. Cowley, 5.30 p.m. 











THE ENGINEER 


NSTITUTE OF ROAD TRANSPORT ENGINEERS 
To-day, Nov. 11th.—S. Wares Group: S. Wales Institute of 
. Park Place, Cardiff, “‘ Tyres and Steering Geo- 


Chamber, 
The Commer 

, 7.30 p.m, 
ty of Arts, 
it Alloys 


t Northern Hotel, "Wellington 
"The World’s Largest Walking Dragline,” 


C. McL. Cameron. 7.30 p.m. 
. 22nd.—N.E. CENTRE : Three Tuns Hotel, Durham 
City, ” Ability to Stop,” H. Clements, 7 p.m. 


INSTITUTION OF CHEMICAL ENGINEERS 
To-day, Nov. 1tth—GRADUATES’ AND ” SECTION : 
Caxton Hall, }y met London, S.W.1, “ Air-Cooled Heat 
D. Kaye, 6.30 p.m. 

1Sth. — Geological Society, 
ms w.l, Assessment of 1“ egemeed 

F. E. Adams a A. G. Baker, 5.30 p. 
BRANCH : iy University, Leeds, 


Tues., Nov. 
Burli 


[IDLANDS Re, AND 
INTRE : versity, Edmund Street, Birming- 
“ Cooling Water for Industry,’’ D. J. Tow, 6.30 p.m. 


INSTITUTION OF CIVIL aaa 
Tues., Nov..1Sth.—ORDINARY MEETING : Great Street, 
Westminster, London, S.W.1, “ The Develo; it of a Mech- 


anical t Water-Cooling Tower,”’ L. Gilling Smith and 
G. J. Williamson, 5.30 p.m. 
Wed., Nov. 16th. — YORKSHIRE ASSOCIATION : General Lecture 


Theatre, The University, Leeds, rh Alt-na- Pre- 
stressed Concrete Dam,” J. A. Banks, 7 p.m.——-N.W. Asso- 
CIATION : 9, The Temple, 24, Dale Street, Liverpool, Address 
by the Chairman, J. D. T. Firth, 6 p.m. 

Thurs. Nov. 17th. —N.W, TION: Engineers’ Club, 

Albert Square, Manchester, Students’ Symposium, 6.30 p.m. 

Tues., Nov, 22nd.—StR UCTURAL AND BUILDING MEETING : Great 
George Street, London, S.W.1, “ Prestressed a ag as 
Applied to —o o Frames,” "Francis Walley and H. C. 


Adams, 5.30 p. 
Sih Building. The 23rd. Mipcivs Loughboroueh Now W ks Does 
ws orks at 
Station,” x C. Clenshaw, 1p , 


INSTITUTION OF ELECTRICAL ENGINEERS 
im, Nov. ot wee RO, MEETING : Savoy Place. London, 
W.C.2, Discussion Hy. the Engineer Broad Enough in 
His Outlook 7” oumad by P. Dunsheath, 5.30 p.m. 
Tues., Nov. 15th.—MEASUREMENT AND RADIO Section : Savoy 
London, W.C.2, “ An Electrolytic Tank ont for 
ination of Trajectories, jal and 


‘rajectories 
Westcott, 5. ~ p.m.——LONDON GRADUATES’ AND 
Section: R.E.M.E. Training Centre, Bailleul Barracks, 
Arborield — “ An Introduction to the Transistor,”’ A. V. 


Savoy Place, London, 
Rating of Transformers,’ 


Bryant, 
Wed., Nov. Pr6th. — SUPPLY SECTION : 
W.C.2, Discussion on “ Thermal 
by R.A. Grieseon, 5.30 
Thurs. ‘Now. 17th.—UTILISATION SECTION London, 


p.m. 
: Savoy Place, 
W.C.2, “ Timing the Cventien of Control Systems 4 Associated 


with Rotating t,"’ C. Cuthbert and D. Picken ; 
ae Dynamic of Induction Motors,”’ p Harrison, 
.30 p.m. 
Mon., Nov. 2ist.—RADIO AND T SECTION : 
Savoy Place, . W.C.2, Discussion on “ The Reception 
I and Band ITI Television Programmes,"’ opened by 
E. P. Wethey, 5.30 p.m 
Tues., Nov. 22nd.— TES’ AND STUDENTS’ SECTION : 
Savoy 2, “Electrical Measurement o! 
Mechanical Vibrations,” D. E. Mullinger, 6.30 p.m.——N 
NTRE : Central Electricity Authority, 1, Whitehall 
~ the tion of trol S 


Road, Leeds, 1, iming Opera 
Assia, with Rotating Equipment,”’ 
“The Dynamic Braking of 
D Seaxienn, 6.30 p.m. 
ION OF ENGINEERING DESIGNERS 


INSTITUTI 
Sat., Nov. 12th.—N.E. BraNcu : Visit to Lemington Glassworks. 
Ltd., Lemington-on-Tyne, 10.30 a.m. 


of Induction Motors,’ 


INSTITUTION OF ENGINEERING {NSPECTION 
Mon., Nov. 14th.—WOLVERHAMPTON BRANCH : Compton po 
Compton Road, Wolverhampton, “ Heat Treatment of Stee ‘ 
. D. Hopkins, 7. 30 p.m.—— Brancu : Royal Bristol 
Hotel, Dundee, “ 7.30 p.m. 
BRANCH : 


Thurs., ‘Nov. 24th. —Mancuneten I * Club, 
Albert Square, Mi — “ The Lost Wax Process of Invest- 
ment Casting,”’ W. N. Jones, 7.30 p.m. 


INSTITUTION OF ar. 2 AND SHIPBUILDERS IN 
To-day, a. 11th.—JomnT ys ll 
Robert 


“ Fati 
Tues., 


BERDEEN 
Gordon's Technical Col 

e Research at M.E.R.L.,” C. E. Phillips, 7.45 .m. 

15th.—39, Elmbank Crescent, Glasgow, “ Experi- 

sunts on Sox Girders : Some Contributions to the Theory of 

my Cah ay HE om C. Chapman, 7.30 p.m. 


INSTITUTION OF ear AND VENTILATING 
ENGINEERS 


Fri., Nov. 18th.—MANCHESTER AND District BRANCH : County 
Offices, Preston «Thermal Insulation, mR. Clegg, 6.30 p.m. 


INSTITUTION OF LOCOMOTIVE ENGINEERS 
Wed., Nov. oe Meetinc : Institution of Mechanical 
» Birdcage Walk, Westminster, London, S.W.1, 
“ Railway kaon Organisat tion ss me mg . cg on 
the London Transport System,”’ G. S. Bingham, 5 


INSTITUTION OF MECHANICAL ENGINEERS 
To-day, Nov. eg me 


, EDUCATION Group : }, 
‘alk, London, S.W.1 1, A Criticism of the Technicai 
Educat! of Recently Qualified Engineers,’’ P. Love, 


: Midland Hotel, ° 
UTON . 


Elmbank Crescent, Glasgow, i 

for Gas Turbine Engines,” Kenneth Metcalfe, 7.30 p.m. 
Tues., Nov. ae ee Was See 

Civic ENGINEERS : Street, London, 
Draught Water Cooling 


“ The ser oy it of a 
Tower,” L. G an Sith a OD rE 5.30 p.m.—— 
Saar | 1, Birdcage Walk, 
Techniaues 7, y tions, meas EASTERN BRANCH : 
i Hg Be 

Hotel, " Aaee Past, Present 
iad Ba wK'D, Baxter, 1.20 pan N.W. A.D. Caras 
Grosvenor “ Some Experiences of Automobile 

Research,”* C. G. Williams, 7.15 p.m. 
Wed., Nov. 16th.—N.W. ineern: 


1 Engi g 
Society, Dale Street, Liverpool, “ The Influence of Some 








Nov. 11, 1955 










Design Factors > the Chocerteriation of Ball Bearings ang 
ler Bearings at High Speeds,” A and J. S. Webber. 
“Some Further Tests on High-Speed i] Bearings,” RT 





.m.——N.E, 





Barwell and M. J. Hughes, 6 
Chemistry Lecture Theatre, University, - eds, "The 
Work oft the Motor Industry Research Association,” 4, Fogy 


7.30 p. 

Thurs., PNov. 17th.—N.E. Brancu : Stephenson Buildi 
castle ce ay is Traasfer eg of Li. vide New. 
Gas T a an 8 and F. J. Bayley, 6 pam 
Nha 
aan 


ENGINEERING | ’RODUCTION 
cers’ Club, Al Albert ot Slaneee, Manche: cer, “ Some 
ments in Production Engineering 6 Technique" 


R *Tilsley, 6.45 p.m. 

Fri. Nov. 18th.—THOMAS ee Ae ag . ; Birdcage 
* oO! att ‘ 

M. Newitt, 5. 30 p.m. “ io 


Walk, Leet S.W.1, 
Pressures 
INSTITUTION OF MINING AND METALLURGy 
Thurs. aor Nov. 17th.—GENERAL MEETING : Geological Society, 
pec oa House, 'y, London, W.1. Papers for dis. 

“* Oxygen in Molten Lead and the Thermod >dynamics 
ica Melts,’’ F. D. Richardson and |. E. Webb : 
ies of Airborne Dusts in Relation to Pneum :0coniosis,” 
w David Evans, 5 p.m. 


INSTITUTION OF egg 9 HEALTH ENGINEERS 
iam. Pe 17th.—SESSIONAL WH ng eX Caxton Hall, Wes. 
London, S.W.1, ity of Rainfall Run-of 
Water f from a Housing state" R. Wilkinson, 6 p.m. 




















INSTITUTION OF STRUCTURAL ENGINEERS 
Sat., Nov. 12th.—WALES AND MONMOUTHSHIRE BRANCH : County / 
Buildings, Colwyn Bay, “‘ Recent Trends in the Design of 
Ind | Buildings, * A. V. Hooker, 6 p.m. 





Mon., Nov. 14th.—LANCASHIRE AND CHESHIRE BRANCH : 
of ‘Technology, Manchester, “ <a, in Steel Rigid F 
works,"’ G. 

Wed., Nov. 16th.—YORKSHIRE Noon! oy "The University, Le, 
“The Al Shae Prestressed Concrete Dam,” J, 


, 6.30 p. 
Thurs., Nov. Vath: —W. Counties BRANCH: The University, 
Bristol, “ Shuttering,’’ C. Parry, 6 p.m. 


INSTITUTION OF WATER ENGINEERS 

Wed., Nov. 16th.—Institution of Civil Engineers, Great George 
Street, London, S.W.1, Films : nef Gunthorpe 
Pipe Bridge, ” and “ Blagdon Trout,”’ 2.30 p.m 


INSTITUTION OF WORKS MANAGERS 
Fri., Nov. 18th—Waldorf Hotel, London, W.C.2, Annual Genera 
Meeting, 7 p.m. 


Coll 



















IRON AND STEEL amy sing A 

Wed., Nov. Lar Seymour Hall, Seymour Place, St. Marylebone, 

London, W A eal my Iron “and Steel Industry,” Sir Robert 
Shone and W F. Cartwright, 6 p.m. 

JUNIOR BEREETUTION, OF ENGINEERS 
To-day, Nov. 11th.—ORDINARY MEETING : ys House, 14, 
Rochester Row, Westminster, London, S.W.1, “N 
lation at the Hammersmith Hospital,”’ F, A. 


HEFFIELD AND DisTRICT SECTION : Livesey 
House, Sheffield, “ Railway Locomotive Engineering,” 









Cid, + Gomoton, 7.30 Tee Ey 

lu “ ts of Mech- 

anical Breakdown,” C. G. Windeler, 7.30 p.m. 

Fri., Nov. 18th. —Pepys House, 14, Rochester Row, London, 
S'w. 's ‘Bg Automation—What are its 


Problems ‘ee SF "tallen, 7 oat. 


MANCHESTER ASSOCIATION OF ENGINEERS 
Fri., Nov. 18th.—Engineers’ Club, = Square, Manchester, 
x *Welding—Is it a Menace ?: An Engineer's View,” F. 
Koenigsberger, 6.45 p.m. 


NORTH EAST COAST INSTITUTION OF ENGINEERS 
AND SHIPBUILDERS : 

To-day, Nov. 11th.—Lecture Theatre, Mining Institute, Neville 
Hall, Newcastle upon Tyne, “The Optimum Diameter of 
repel Propellers : A New Approach,”’ L. C. Burrill, 

p.m 


OLD CENTRALIANS 
Mon., Nov. 21st.—Grocers’ Hall, Princes Street, London, E.C.2, 
Annual Dinner, 7.30 p.m. 


REINFORCED CONCRETE TION 
Wed. Nov. 16th.—11, Upper vane avog 8 Street ae S.W.1, 
“ The Place of Cement in Concrete Making,” E. S. Sheilard, 


6 p.m. 


ROYAL AERONAUTICAL SOCIETY 
Mon., Nov. 14th.—Bristo. BraNcH : Bristol Aeroplane Com- 
pany, Ltd., Filton House, Bristol, Junior Members’ Papers 


Competition, 6 p.m. 
Tues., Nov. 15th—Secrion Lecture: 4, Hamilton Place, 
ao x -1, “ The Planning of Experiments,” Sir Ronald A. 


Thurs., Nov, Plth. —ALL-Day SECTION LECTURE : Institution of 
Civil ineers, Great George Street, London, S.W.1 Aircraft 
Design . “Structural Testing,” P. B. Walker; 
“ Fatigue,”” H a i. “* Flight Loads,”’ C. F. Joy; 

“Safety Factors,” J. K. Williams 


, 10 a.m.——GRADUATES’ 
AND STUDENTS’ ilton Place, London, W.1, 
The Supersonic Fighter, fe , W. Fozard, 7. 30° p.m. 
ROYAL INSTITUTION OF ewig <n SURVEYORS 
Mon., Nor Bam gy Pow mg! GENERAL MEETING: 12, 
treet, London, S.W.1, Presidential Address, W. R. 

san Ay 5.30 p.m. 


ROYAL SOCIETY FOR THE PROMOTION OF HEALTH 
Nov. 16th.—LONDON SESSIONAL MeeTING : 90, Bucking- 

ham Palace Road, S.W.1, Discussion on ‘The Design of 
Health Buildings, "10.30 a.m. 


S 2 eer. ASSOCIATION 

Tues., Nov. 15th.—B.LS.R.A tories, Hoyle Street, 

Sheffield, 3, “ Boiler Feed Water ye Associated Corrosion 
Problems,’’ J. . 





Particular Reference to Their Use in the Metallurgical Industry,” 


H. E. Pristen, 7 p.m. 
SHEFFIELD SOCIETY OF ENGINEERS AND 
Mon., Nov. 14th. i uare, Sheffield, 
‘on. ov. — ni y, "8 § . 
* The Value of Non-Destructive T . F. Hinsley, 
p.m. 


sR ERI ma 

* 10 a.m. 1012.30 p.m., 2.30 
p.m. 

pg Pec Rigg A RY 
Fimbank Metallurgy of Nuclear 


Crescent, Glasgow, “ 
Power Production,” A. B. Sastesoe, 6.45 p.m. 


Fri., Nov. 18th. 


Protection of Cable ai Sheathing: 
p.m. to 4.30 p.m., 5.15 p.m. to 





